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PREFACE. 

r 1 1HIS book is intended for those who are beginning the subject. 
-*- For this reason, special care has been taken' to select for 
treatment, such compounds as best serve to make clear the 
fundamental principles. General relations as illustrated by special 
cases are discussed rather more fully than is customary in books 
of the same size ; and, on the other hand, the number of com~ 
pounds taken up is smaller than usual. The author has en- 
deavored to avoid dogmatism, and to lead the student, through 



a, careful study of the facts, to see for himself the reasons for 
adopting the prevalent views in regard to the structure of the 
compounds of carbon. Whenever a new formula is presented 
the reasons for using it are given, so that it may aftei'ward be 
used intelligently. It is believed that the book is adapted to 
the needs of all students of chemistry, whether they intend 
to follow the pure science, or to deal ■with it in its applica- 
tions to the arts, medicine, etc. It is difficult to see how, 
without some such general introductory study, the technical 
chemist and the student of medicine can comprehend what is 
usually pat before them under the heads of " Applied Organic 
Chemistry " and " Medical Chemistry." 

Without some direct contact with the compounds considered, 
it is difficult to get a clear idea regarding them and their 
changes. A course of properly selected experiments, illustrating 
the methods used in preparing the principal classes of com- 
pounds, and the fundamental reactions involved in their trans- 
formations, wonderfully facilitates the study. The attempt has 
been made to give directions for such a com-se. More than 
eighty experiments which could be performed in any chemical 
laboratory are described ; and it is hoped that the plan may 
meet with approval. The time required to perform a fair pro- 
portion of these experiments is not great ; and the results in the 
direction of enlarging the student's knowledge of chemical phe- 
nomena, will, it is firmly believed, furnish a full compensation 
for the time spent. 

The order in which the topics are taken up will be found to 
difEer somewhat from that commonly adopted. The object in view 
was, however, not to find a new method, but to find one which 
would bring out as clearly as possible the beauty and simplicity 
of the relations which exist between the different classes of car- 
bon compounds. The reasons for the 
the body of the book. 
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rpHIS book ia intended for those who are beginning tlie subject. 
For thia reason, special care liaa been taken to select for 
treatment such compounds as best serve to moke clear the 
fundamental principles. General relations as illustrated hj special 
cases ore discussed rather more fully than is customar; in books 
of the same size ; and, on the other hand, the nuniher of com- 
pounds taken up is smaller than usual. The author has endeav- 
ored to avoid dogmatism, and to lead the student, through a 
careful study of the facta, to see for liimaelf the reasons for 
adopting the prevalent views in regard to the structure of the 
compounds of carbon. Whenever a new formula ia presented, 
the reasons for using it are given so that it may afterward be 
used intelligently. Tt ia believed that the book is adapted to 
the needs of all studenta of chemistry, whether they intend 
to follow the pure science, or to deal with it in its applica- 
tions to the arts, medicine, etc. It is difficult to see how, 
without some such general introductory study, the technical 
chemist and the student of medicine can comprehend what is 
nsually put before them under the heads of "Applied Organic 
Chemistry " and " Medical Chemistry." 

Without some direct contact with the compounds considered, 
it ia difficult to get a clear idea regarding them and tlieir 
changes. A course of properly selected experiments, illustrating 
the methods used in preparing the principal classes of com- 
pounds, and the fundamental reactions involved in their trans- 
bnialionB, wondertally facilitates tbe tttod'j. '^« viiXAiii!^ '%aa 
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been made to give directions for such a course. More than 
eighty experiments which could be performed in any chemical 
laboratory are described; and it is hoped that the plan may 
meet with approval. The time required to perform a fair pro- 
portion of these experiments is not great; and the results in the 
direction of enlarging the student's knowledge of chemical phe- 
nomena, will, it is firmly believed, furnish a full compensation 
for the time spent. 

The order in which the topics are taken up will be found to 
differ somewhat from that commonly adopted. The object in view 
was, however, not to find a new method, but to find one wliich 
would bring out as clearly as possible the beauty and simplicity 
of the relations which exist between the different classes of car- 
bon compounds. The reasons for the method used are given in 
the body of the book. 
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CHAPTER I. 

INTRODUCTION. 

studying the compounda of carbon, wc cannot fail to 
be Btruck by tlicir lai^e number, and hy the ease with which 
they undergo change when snbjected to various influences. 
Mainly on aocotint of the lai'ge number, though partly on 
acooout of pecnliaritiea in their chemical conduct, it is custom- 
ary to consider these compounds by themselves. At first, 
General C/iemistry was divided into Inorganic and Organic 
Chemistry, as it was believed that there were fundamental 
differences between the compounds included under the two 
heads. Those componuds which form the mineral portion of 
the earth were treated under tlie first head, while those which 
were found ready formed in the organs of plants or auimals 
were the subject of organic chemistry. It was believed that, 
as the oiganic compounds are elaborated under the influence of 
the life process, there must be something about them which 
distinguishes them from the inorganic compounds in whose for- 
mation the life process has no part. Gradually, however, this 
idea hou been abandoned ; for, one by one, the compounds 
which are found in plants and animals have been made in the 
chemical laboratory, and without the aid of the life process, 
The first instance of the preparation of an oi^anic compound 
by an artificial method was that of urea. Tliis substance 
was obtained by WShler in 1828 from ammonium c^a'na.te. 
Wheu a water solution of the latter is Bi\o^«i,Xo e.N«^'^*^->"^'^'** 



Hn" 



INTKODUCTION. 

19 deposited. Up to the time of WSliler'e discovery, tba 
formatiou of urea, like that of other orgaiiic compoundB, wM 
thought to be iotiinately e.ud neeesaaiily connected with Ufej 
hilt it was thus shown that it conld bo formed without the inter- 
veutiou of life. Afterward, it was sbowu that potassiaia 
cyanide can be made by passing nitrogen over a heated mixture 
of earbon aud potassium carbonate ; and, as potassium eyanatc 
can l>o made from the cyanide by oxidation, it follows that 
urea can be made from the elements. Finally, in 1856, Bertbe- 
lot succeeded in making potassium formate by passing carboDj 
monoxide over heated potaBsiiim hydroxide ; aud in making 
acetylene, a compound, the composition of which is represented 
by tlie formula CaHj, by passing electric sparks between elec- 
trodes of cai-bon in an atmosphere of hydrogen. Since 1 
time, every year has witnessed the artificial preparatioo, 
purely chemical means, of compounds of earbon which are founc 
In the organs of plants and animals. 

It hence appears that the formation of the compounds ol 
carbon is not dependent upon the life process ; that they a 
simply chemical compounds governed by the same laws that 
govern other chemical compounds ; aud the name, Orgcmi^ 
C/mmistry, signifying, as it does, that tlie compounds include^ 
under it are necessarily related to organisms, is misleading. 
Oi^nic chemistry is nothing but the G/icminlri/ of tlie Cm 
pounds of Carbon. It is not a science independent of inorganlQ 
chemistry, but ia just as mnch a pait of chemistry as the chem^ 
istry of the compounds of sodium, or of the compounds o^ 
silicon, etc. 

The name Chemistry of the Compounds of Carbon has beem 
objected to as being too broad. Strictly speaking, this titl^ 
includes the carbonates, and it is customary to treat of theoq 
widely distributed substances under the head of Inorgam^ 
Chemistry. Most books on Inorganic Chemistry also deal wjtl| 
,^me of the simpler compounds of carbon, such as the oxidoe 

'anogen, raiirsh gas, etc. 
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This objection is of weight only as far as the carUonates 
are concerned, and it does not appear etroug enough to make 
the introduction of a new name necessary. It should be men- 
tioned, however, tliat the name Chemistry of the Hydrocarbons 
and their Derivatives has recently' been suggested. The exact 
significance of this name will appear when the compounds with 
which we shall have to deal come up for consideration. 

Souroes of compoundH, — The compounds of carbon are, 
for tbe most piirt, made in the laboratory ; but in preparing 
them wc usually start with a few fundamental compounds 
which are formed by natural processes. A. iargu number, such 
as the sugars, starch, cellulose, and the alkaloids, of which 
morphine, quinine, and nicotine are examples, occur ready 
formed in plants, but always niiseil with other substances. 
Others, such as urea, uric acid, albumiu, etc., occur in animal 
organisms. Petroleum, which has been formed in Nature by 
processes intimately connect«d with those which give rise to the 
formation of coal, contains a large number of compounds con- 
sisting of only carbon and hydrogen ; and these compounds 
serve as the starting-points in the preparation of a large uumher 
of derivatives. When coal is heated for the purjtose of manu- 
facturing illuminating gas, a very complex mixture of liquid 
and solid products is obtained as a by-product, known as coal 
tar. This substance yields some of the most valued compounds 
of carbon. A larger number of the com]X)undB of carbon are 
obtained from this than from any other one source. When 
bones are heated in the manufacture of bone-black, an oil 
known as bone oil is obtained. Of late, this haa proved to 
be the' source of a laige number of interesting compounds. 
In the preparation of charcoal by heating wood, tbe liquid pro- 
ducts are sometimes condensed, and they form the source of 
sev«ral im]xjrtant compounds, among which may be mentioned 
loood apirils or methyl ukokol, acetone, and iiyrotwjivtoM* t« 
acetic acid. 
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Finally, we aro ilcpcndent upon the process kuown a^ /<!^| 
me^ltatio}^ for a nambcr of tho most importuiit componads ti^M 
carbon. Fermentation, as will be shown, ia a general temjB 
signifying any process in which a change in the eomposition otV 
a body is effected by means of minute animal or vegetabltl 

»organiBmB. The best known example of fermcntatioa is thitl 
of sugar, which gives rise to the formation of ordinary aicoboL I 
Alcohol in turn serves as the starting-point for the prepKTatioii I 
tf a targe number of compouads. I 

< PuriSoatioi]. of the compoiuide. — Before the natoral I 
CCHnpounds of carbon can be studied chemically, they oaust, af,'| 
course, be freed from foreign substances ; and before tlie coi^| 
stituenla of tho complos mixtures, petiolcum, coal tar, and boi^| 
oil can be studied, they must be separated and purified. 1!^^| 
processes of separation and puriflcation are, in many caa^^| 
extremely difficult. If the substance is a solid, differo^H 
methods may be used according to tbe nature of the substane^H 
CryslaUization is more frequently made use of than any oth^H 
process. This is well illustrated, on the large scale, in tl^H 
refining of sugar, which consists, essentially, in dissolving tl^H 
sugar in water, filtering through bone-black, which ab8or|^| 
coloring matter, and t!ien evaporating down to crystallizatio^H 
When two or more substances are found together, they may, ^H 
many cases, be separated by what is coWqA. fractioTial ctryitc^iisj^^ 
lion. This consists in evaitorating the solution until, od ooC^H 
iug, a comparatively small part of the substance la deposita^H 
This deposit is filtered off, and the solution fiu^her evaporate^^| 
when a second deposit is obtained, and so on to the end, I'^^l 
BucccBsivo deposits thus obtained arc then recrystullized, eaa^| 
separately, antil, dually, tho deposits aro found to be ham^H 
geueous. ^H 

The chief solvents used arc water, alcohol, ethor, benzim^H 
^^^_«iid bisulphide of carbon ; alcohol being the most general^H 
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In the case of liquids, the process of distillation i 
Xbe apparatus commoulj' used is illustrated iu Fig. 1. 




Th n ly p rt of the nppar^tis wl ich requ res oxj Kni 
tion IB the tube A Th s is Icnown as tb I at H g t h 
It la simi h 1 st 1 gl t glass 
tube alo t ir ■" I ^ anll2 t< 
14"" in diameter, to which is 
attached a smaller branch some- 
what iucliued downward. The 
object of the tube is to accom- 
modate a thermometer JJ, which 
13 BO fixcil by means of a cork, 
that it is in the centre of the 
larger tube, and its bulb directly 
opposite the opening of the ' 
amaUer branch. 

For small quantitiesof liquids, 
the distiliiag flask is much used. TWa \* a Xou^-vie.Owi'i., ia*s^^ 




Fig. 2. 
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flaek, with a branch tube fitted directly into the neck, as shown 
in Fig, 2. In this apparatus, the thermonicter is fitted into 
the neck of the flask in the same relation to the exit tube as in 
the larger apparatus. 

For the separation of liquids of different boiling-points, the 
process ot fraclional or partial di^iUaiion ia much used. "Wlieii 
a mixture of two or more liquids of different boiling-points is 
1x)iled, it will be noticed that the boiling-point gradually rises 
from that of the lowest boiling substance to that of the highest. 
Thus, ordinary alcohol boils at 78°, and water at 100°. If the 
two be mixed, and the mixture distilled, it will be found that it 
begins to boil at 78°, but that veiy little passes over at this 
temperature. Gradually, as the distillation proceeds, the tem- 
perature indicated by the thermometer becomes higher and 
higher, until at last 100° is reached, wht-n all distils over. Now 
the distillates obtained at the different temperatures differ from 
each other in composition. Those obtained at the lower tem- 
peratures are richer in alcohol than those obtained at the higher 
temperatures, but none of them contains pure alcohol or pure 
water. In order to separate the two, therefore, we must pro- 
ceed as follows : A number of clean, dry flasks arc prepared for 
collecting the distillates. The boiling is begun, and tlu; point 
at which the first drops of the distillate appear in the receiver is 
noted. That which passes over while the mercury rises through 
a certain number of degrees (3, 5, or 10, according to the char- 
acter of the mixture) is collected in the first fiask. The receiver 
is then changed, without interruption of the boiling, and that 
which posses over while the mercury rises through another 
Interval equal to the first is collected in tlie second fiask. The 
receiver is again changed, and a third distillate collected ; and 
BO on, until the liquid has alt been distilled over. It has thus 
been separated into a number of fractions, each of which has 
passed over at different temjieraturcs. In the case of alcohol 
Aod water, for example, we might ha.'jc coUeated distillates from 
83°, from §3" to 88°, from 88° to fJK>,l'coTft 'J?? \n 
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from 98° to 100°. Now a elean distilling flask is taken, and 
into it introduced the first fraction. TLb is diatiiled until the 
thermometer marks the upper limit of the original first fraction, 
the new distillate being collected in the flaak which contained the 
Brat fraction. When this upper limit is reached, the boiling is 
stopped. It will be found that there is some of the liquid left 
in the distilling tlask. That is to say, assuming that in the first 
distillation the first fraction was collected between 78° and 83°, 
ou boiling this fraction the second time it will not all come over 
between tbese points ; when 83° is reached some will be left in 
the fiaak. The second fraction is now poured into the distilling 
flask tlirougli a funnel tube, and the boiling is again started. 
Of the second fraction, a ])ortion will pass over below the point 
at which it began to boil when first distilled. Collect in the 
proper flask, and continue tbe boiling until the tlieimometer 
marks the highest pouit of the fraction last introduced, changing 
the receiver wlionever the indications of tbe thermometer require 
it. Now stop tlio boiling, and pour in fraction No. 3, and so 
on until all the fractions have been subjected to a second distil- 
lation. On eKamining tbe new fractions, it will be found that 
tbe liqnid tends to accumulate in the neighborhood of certain 
points corresponding to the hoiliiig-points of the constituents of 
the mixture. The distilling flask ia now cleaned, and the whole 
process repeated. A further separation is tims effected. By 
coDtinuing the distillation in this way, pure substances may, in 
most cases, eventually be obtained. That the fractions are 
pore may be known by the fact that the boiling-points remain 
constant. In some cases perfect separation cannot be effected 
by means of fractional distillation; as, for esample, in the 
ease of alcoliol and water. But etiU it is valuable, even in 
such cases, as it enables us to purify the substances, at least 
partially - 

The best examples of distillation carried on on the laige soelo 
are those of alcohol and petroleum . Probably tiie best csamijle 
of fractional distiilation is that ot the \\^\ ui. QNAivaai, Vt<35flL 
ooal tar. 
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^^^H Kzperlm«nt 1. Mix eqaal parts (aboat half a litre of <tach) of al 
^^^■feol and water. DlstU through four or five times, and notice tlu 

^^^H diAiiges in tbc: quautities obtaiued la the dLO'croDC rractloos. 

^^B DetenniBatioD of the boilin^-pomt. — Iti dealing wiA 

^^V Dqaide, it often is extremely difflouU to tell whether they are 

^^^ pare or not. The first and most importaut physical proper^ 

' which ia utilized for this purpose is the boiling temperatore, 

oominonlj called the boiUng-poifit. This is determined by 

means of an apparatus, such as is described aboTO as used fbr 

distilling. The temperature noted on the tbcrmometer when 

the liquid is boiling is the boiling-point. When great accuracy 

is required, the point observed directly must be corrected, ii 

consequence of the expansion of the glass and the cooling tit 

that part of the column of mercury which is not in the vapor. 

Fiill directions for making tlieee corrections may he found in 

bvger books. A constant boiling-point is chai'acteriatic of a 

pare chemical compound. 

Determination of the meltinEr-point. — Just as tho 1 
ing-point is a very cliaracteristic property of liquid bodieSj i 
the melting-point ia an equally characteristic property of mV 
solid bodies. If a substance begins to melt at a certain t 
peratnrc, and docs not melt completely at that tcmperatnre,'fl 
in, in all probability, impure. By means of the mclting-pollj 
minute quantities of impurities, which might readily esct 
detection by other means, arc often found. In dealing with tl 
compounds of carbon, determinations of melting-points are \ 
freqnently made. In general, only those compounds which h 
constaut melting-points are to be regarded aa prire. The c 
mination is made as follows: Small tubes arc prepared ' 
heating a piece of ordinary soft glass tubing of 4"™ to I 
diameter, and drawing it out. If the parts are drawn apj 
Kbont 12™ to 15™, two small tubes may be made from i 
narrowed portion by melting together in the middle, antt'f 
£liag off each piece where it begins \a gro^ ■wV'tet i 
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large tube. These small tabes must have thin walk, and be 
of such internal diameter that an ordinary pin can be intro- 
duced into them. A Bmfill quantity of the substance to bo 
tested is placed in one of the tubes, enough to make a minute 
cohimn of about 5™° in heiglit. The tube containing the 
substance is fasteued to a thci-niometer by means of a small 
rubber band cut from a piece of rubber tubing. The band is 
placed near the upper part of the tube, and the lower part of 
the tube, containing the substance, is placed against the bulb 
of the thermometer. Now a beaker glass of about 100" 
capacity is filled with i)ure paraflSn, and the latter melted. 
When it is in liquid condition, the thermometer, with the tube 
and substance, is introduced 
into it, and the heating con- 
tinued with the aid of a 
small tiame until the sub- 
stance melts. The instant it 
melts the temperature indi- 
cated by the thermometer 
is noted. This is the melt- 
ing-point required. It is 
necessary, however, to cor- 
rect the obaervetl point in 
the same way as in t)ie ^'asc 
of the boiliiig-poiut. Somi'- 
times, instead of piiniilin. .. 
concentrated sulphuric n(;id 
is used in the bath ; but, for 
obvious reasons, the paraf- 
fiu is to be preferred. For' 
substances which melt below 

S0°, the temperature at which ordinary paraffin is liquid, 
water should be used. 

Experiment 2. Determine the mcltliis-^o\w\ia oi o.tevi w\\flXKw:Kfc, 
Hirch as vrca anil tartaric ac;kl. If tlicy do TioV. mcXI, aX vVtv^Waif 
L_tJ!em_iii>til they dp, TUpV, ^>ft m&A^i^-itfioi.Nft "i"' 
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niul spc I'o" ^'"^^ ''"^y '^S'"'" i^'tl' those stated In the book. 
»vi'iill«;i'ii»''i'- "'' '''ft npporatns above described is ahowu In Fig. 3. T* 
■ei'im' A iiiilfoiiu tcnipernture of the bath. U should ho gcutlj stirred 
wllU A itlnss rod diirlug the experiment. Tlio mercury of tlie ttier- 
tnumutor should rise slowljy 

AnBlysia. — Having purified the compomitla, the nest step 
is |^> ilctoniiiim thoir composition. A comp.irativcly emnll nuni' 
luT of tlio compouiids ordinnrilj' met with consist of carbon and 
liYilmftPH *'Hly '< t''** I'li^'^st number cousist of these two elenienW 
toffotlier with oxygen ; many contain carbon, hydrogen, osjgeit^ 
lUid nllwgcu. But, in the derivatives of the fundamental c 
nonni)»i ftl' other dements may occur. Tims the hydrogen maQ 
bo pftrtly or wholly displaced by chlorine, bromine, or iodine, ai 
In Uio BO-called subatitiition-produota ; and any metal may oc^u:^ 
111 tlje salts of the acida of carbon. The estimation of cariM 
Knd hydrogen in the principal problem iti the analysis of tb 
ooinpouuds of carbon. This is efEt«tcd by what is known ti 
tlio combustion process. A known weight of the substance 1 
completely oxidized, the carbon being thns converted into ou 
l)on dioxide, and the hydrogen into water. These two produottf 
are collected, the carbon dioxide in a solution of potasatnBt 
hydroxide, the water in calcium chloride, and weighed. Fnx(i| 
the weights of the products the weights of carbon and hydrogcdj 
uro calcidatc<l. Oxygen, if present, is not estimated directly^ 
but by difference, i.e., the amounts of carbon and hydr<^en foilikt 
are added ti^ether, and the sum subtracted from the weight c 
the original substance. The difference represents the welg 
of the oxygen. 

A detailed description of the apparatns and of the method 4 
procedure need not be given here, as it can be found in a^ 
book on analytical chemistry. A brief description, howeveVj 
may not bo out of place. The combustion is effected i 
glass tube which is lieated by means of a gas furnace 000 
structed for the purpose. Ordinarily, the substance is plaoe^ 
■n a narrow imrcelain or plutinnm \'essel, called a. boat, which ii 
Bed iato tha tube witii gramiLated wtv'^t o:dite. 
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tube is then connected with (1) a u-tube filled with calcium 
chloride ; (2) a set of bulbs containing a solution of potassium 
hydroxide, and constructed bo aa to secure thorough contact of 
the passing gasee with the solution! tyiiJ (3) a small U-tube 
fillc<l with Bolid potassium hydroxide. After the combustion is 
completed, a current of pnre dry oxygen ia passed through the 
tube; and, finally, air is passed uutil the oxygen is displaced. 
The method at present used was introduced by Liebig. It 
has contributed very greatly to a thorough understanding of 
the compounds of carbon. 

Two methods are in common use for the estimation of uitrogeu 
in carbon comixmnda. The first is known as the absolute method. 
This consists in oxidizing the substauce by means of copper 
oxide ; then decomposing, by means of highly-heated metallic 
copper, any oxides of nitrogen which may have been formed, 
and collecting the nitrogen. The volume of the nitrogen thus 
obtained is measured, and its weight easily calculated. The 
chief difficulty in this method consists in removing the gases 
contained in the apparatus before the combustion is made. To 
do this, the simplest way is to use a mercury air-pump. Several 
simple forms of the pump have been devised for this purimse, 
and some of them work admirably. Having exhausted all the 
air, the combustion is made by heating the tul>e containing the 
substance and copper oxide and a layer of copper foil ; and, 
finally, the gases are exhansted at the end of the operation. 
The only three gases which can be present, assuming that the 
substance contained nothing but carbon, hydrogen, oxygen, and 
nitrt^en, arc carbon dioxide, water vapor, and free nitrogen. 
The water vapor is, of course, condensed, and the carbon dioxide 
is absorbed by passing the gases through a solution of potassium 
hydroxide, leaving the nitrogen thus alone. 

The second method for the estimation of nitrogen consists in 
heating the saltstance with a mixture of sodium hydroxide and 
quicklime, called sndn-lime. The nitrc^en is thus converted 
into ammonia, which ia collected in a known quantity of dilate 
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i^drochloric or sulphuric acid. After the operatiou, the . 
of acid remaining unnentralized is determined by titration ; and 
from this the amount of amrnonia formed cau be calculated; 
and from this, in turn, the amount of nitrogen. This method 
is not applicable to all compounds, because the nitrogen of some 
compounds is not converted into ammonia under the circnm- 
.Btauces mentioned. 

As regards the estimation of other constituents of carbon 
compounds, it need onlj be said that in most cases it is Decra- 
sary to get rid of tbe carbon and hjdragen by some oxidizing 
process before the estimation can be made. Thus, in estiniating 
sulphur, it is common to fuse the substance with potasBium 
nitrate and hydroxide, when the carbon and hydrogen are 
oxidized, and the sulphur is left in the form of potassium sul- 
pliate, and may be estimated in the usual way. 

Formula. — . The deduction of the formula of a compound 
from the results of the analysis involves two steps. Tlie first 
is a matter of simple calculation. It is assumed that the 
students who use this book are already familiar with the method 
of calculating the formula from the analytical results ; but an 
example will, nevertheless, be given. Suppose that the analysis 
has shown that the substance contains 52.13 per cent carlion, 
13.04 per cent hj'drogen, and 3-1.78 per cent oxygen. To get 
the atomic pro|>ortionn, divide the figures repreaontiug the i 

' centages of the elements by the cori'csponding atomic weigh] 

■ We have thus : — 




Cratagc. 




52.18 


-^ 12 = 4.35 


13.04 


-i- 1 = 13.04 


34.78 


+ IG = 2.17 



That ia to say, accepting the atomic weights, 12 for carbon i 
16 for oxygen, the simplest figures lepTCBUwUw^ tlia numberij 
s of the tlirce elemento in tVte com\iovHifli ».«« °l S 
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6 for hydrogen, and 1 for oxygen. According to this, the 
simplest formula which can be assigned to a substance giving 
the above results on analysis is CjHcO. But the formula 
CiHiaOj is equally in accordance with the analytical results, and 
■wo can only decide between the two by determining the molecular 
weight. This, as is known, is done by determining the specific 
gravity of the substance in the foim of vapor. This operation 
is of the greatest importance. It is assumed that tlie student, 
who has already studied the elements of inorganic chemistry, is 
familiar with it, and with the exact connection which exists 
between it and the molecular weights of compounds. A few 
statements in regard to the connection wilt, however, Im made 
here, in order to recall its chief points, and to impress upon the 
mind of the student its fundamental importance. 

Every chemical formula is intended to represent the molecule 
of a compound and the composition of the molecule. Our 
conception of the molecule is based almost exclusively on 
Avf^adro's hypothesis, according to which equal volumes of all 
gases contain tlie same number of molecules. Hence, by com- 
paring equal volumes of liodies in the form of gas or vapor, we 
get figures which bear to each other the same relations as the 
weights of tlie molecules. The figures called the spemfie gravi- 
ties express the relations between the weights of equal volumes. 
In the case of gases, air is taken as the standard, and the 
weights of other gases arc compared with this standard. Thus, if 
we say tliat the specific gravity of a gas is 0.918, we mean that 
if we call the weight of any volume of air 1, that of the same 
volume of the other gas measured under the same conditions of 
temperature and pressure is 0.918. If we assign to any com- 
|)0UDd a certain molecular weight, the molecular weight* of other 
gaseous compounds can be determined witliout diCQculty, "We 
must, therefore, first select some substance, the molecule of 
which may be used aa the standard. Hydrochloric acid is 
commonly taken, because hydrogen and chlorine unite with 
each other ia only one proportion, MiA. ftwxft Sa ^wA <* 
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^pnAktaOMfCi* Tjx^. *jaas '^>f 'Hie ixnnL if ine -^iempng wiA one <tf 
MKVClMT. H74ry>tE<^ AiUl iniMxmB in pr>9ear in. 

h^ft^'A fhf: AimpU^nc xnoiiMTxidr v:>ushc vhiciL ^aa be JHBg!ved to 

ttv; i^tfmr^fntytL thik sanmitt ipeiehc cf jrrifrz^sn. 'j«nic I. i» 34.4. 

Th^ m/^:nUr iTf^^fas of asm «antiarl sicieeme »^ tfaocffve. 

tok^m V/ (i#i; ^^^« and ir^ ^7-^ acv simcLj ^ 

fr^^i^itu />f ^>t)v!T gauMS with that of oT'Iro^^flioric 

t/^ krK/w Ui^^r moleeiiiar fr«^t». T!uxa. » iHixscrx&e^ by 

4]ff Ui^ UyJy wl^ioik^ Tstfjmic nh^ms we f ijazui b j azidlvas to> be 

f*^t^)mmti/^\ \ry ibn fomnila* C^H/). CfiJiK. e^.. if this bodr 

^#^$ /<^/nvf;rtol inV/ rapor and its 3p«^€ifc znivLuv dctenpfaed- it 

ini^ht ^^ fMinr] to (^ K6« The relatkMi rjetween the moieciilar 

wfA^ti of any l^iody anrl itB specific gniTitT is e^yresaed by the 

M ss d X 2S.^j 

\u wfiUfh M \h Ih^ rnoU;cu1ar weight, and d the specific gravity 
of ifi/f Mfifmtan/'^; in the form of gas or vapor. As d is 1.6 in 
i\m i*tyMi ufuh'T r^onAJdcration, we have 

M(i\u^ unknown molecular weight) = l.G x 28.88 = 46.2. 

If Mi<5 formula of ihn (;omfK^un(1 is C'.JI«0, the molecular weight, 
lM(ln^ I.Imi muui <}f i\w. weightft of the constituent atoms, is 

2 X 12 + X 1 + 10 = 46, 

wlil(«fi n^riM'N wifli Mm? flj^ure d(;duce(l from the specific gravity. 
II Miiirnforn I'ollowM Miut tlu} formula CJleO is correct. 

'riiiu'n nro nouw oilier in<!tho<lH which may be used in deter- 
uiliilii^ llin MiolofMilfir W(M^ht of a compound. Amoug these 
MIMV lio tnttlillnniMJ \\\v nniilvHiH of salts. To illustrate this, 
inhit IIh« mm* of iiiM«tlr acid. AnalvHiH shows us that it must be 
h«|tlHimtHl4Ml liy tint* of Mm^ IbnnulaH VUji), C^IIA, CaHcOj, etc. 
If Wl* timkp llti« r4llv(«r HiiK, wn lltid that its analysis leads us to 
^>»MIUlli ( VIM ^wA^« nnd nt»t (ilOAvf, \uh\ vjei \\o\\Qtt cow^wOi^ 
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The metboda for determining the specific gravity of vapors 
are assumed to have been described in the course in inorganic 
chemistry, which tUe student shoald have followed before begin- 
ning the study of the compouuds of carbon. 

Structural formula. — The foi-mulas CjHcO, CsH^Oj, CsHa, 
etc., tell ua simply the composition of the three bodies repre- 
sented, and tell na .also the relative weights of their molecules. 
In studying the chemical conduct of these bodies, their decom- 
position, and the inodca of prepftring them, we become familiar 
with many facts which it is desirable to represent by means of 
the formulas. Thus, for example, but one of the four parts of 
hydrogen represented in the formula of acetic acid, CjH,Oi, can 
be replaced by metals. It plainly differs from the tliree remain- 
ing parts, and it is natm'al to conclude that it is held in the 
molecule in some way differently from the other three. We may, 
therefore, write the formula CjHaOj.H, which is intended to call 
attention to the difference. By further study of acetic acid, we 
find that that particular hydrogen, which gives to it its acid 
properties, and whicli, in the above formula, is written by itself, 
is intimately associated with oxygen. It may be removed with 
oxygen by very simple reactions, and the place of both taken 
by one atom of some other element ; as, for example, chlorine. 
Thus, when acetic acid is treated witJi phosphorus trichloride, 
PCI3, it is converted into acetyl chloride, CaHsOCl, according to 
this equation : — 

3 C,Il«Oj -f- PCI3 = 3 C,H,OCl + POaHj. 
The result of the action is the direct replacement of one atom 
of hydrogen and one atom of oxygeu in acetic acid by one atom 
of chlorine, a fact which certainly points to an intimate connec- 
tion between the hydrogen and oxygen in the acid. Further, 
when acetyl chloride is brought in contact with water, acetic 
acid is regenerated, hydrogen and oxygen from the water enter- 
ing into the place occupied by the cUlocvae, aa t'i>;v^:MMiSfe4. W 
tbia equation : — 
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From facta of this kind the conchiBion ia (Irawn that in acetic 
acid hydrogen and oxygen are connected: or, as it is said, linked 
together; and this conclnsion is represented in chemical lan- 
guage by the foi-mula CsH^O-OH, which may serve as a simple 
illustration of what are eaUed structural or constitutional for- 
mnlas. In all compounds the attempt is made, by means of a 
thorough study of their chemical conduct, to trace out the 
connections oxisting between the constitaent atoms. When 
this can be done for all the atoms contained in a molecnle, the 
structTtrc or constitution of the molecule or of the compound i^M 
said to Ik; determined. The structural formulas which liav^ 
been determined by proper methods have proved of much valU) 
in dealing with chemical reactions, as they enable the cheini^ 
twho utiderftandM the language in which they are written to s 
relatioQH which might eaaily escape liis attention without i 
aid. In order to understand them, however, the student n 
have a knowledge of the reactions upon which they are ba* 
and he is warned not to accept any chemical formida unlesa ] 
can SCO the reasons for accepting it- He should accustom Ii 
self to ask the question, upon what facts is it based? whenerd 
a. formula is presented for the first time. If he does this eoij 
Bcieutioualy lie will soon be able to use the language in1 
gently, and the beauty of the relations which exist between t 
laigo numlwr of compounds of carbon will be revealed to h 
If he docs not, his mind will soon be in a hopeless muddl^ 
and what he Icams will bo of little value to him. For 1 
beginner, this piece of atlvicc is of vital imjwrtance ; 
with great care the reactions of compounds; study the tnethod9 <^ 
tnaking them, and the decompositions which they undergo. 
formulas are but the cmidensed etspreasions of the condaa 
vAich are drawn from the reactions. 



w Oeneral principle of claasifloation of the compounds 
of carbon. — In considering the elements iiiui i'ipni|iouMi 
eluded imder tlie head of Inorganic t'hemistiy, tlic ftuidameutal 
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BabBtancGB are, of course, the elements. The properties of ihe 
elements enable us to sepaiiite them, for study, into a number 
of groups; fts, for example, the chlorine group, including 
toomine, iodine, and fluorine ; the oxygen group, in which 
are included sulphur, selenium, and tellurium. To recall the 
method generally adopted, we may take the chlorine group. 
In studying the members of this group, there is found great 
aimilarity in their properties. Their hydrt^en compounds nexi 
present themselves, and here the same similarity is met with. 
Then, in tarn, the oxygen and the oxygen and hydrogen com' 
poanda are considered, and again the reaemblancoe in properties 
bettreen the corresponding compounds of chlorine, bromine, and 
iodine are met with. We thus hare groups of elements, and 
tf the derivatives of these elemeuts : as, — 

CI Clir ClOaH 

Br BrH BrO^ 

I IH IO,n, etc. 

Of Gonrsc, the chlorine gronp is qnit^ distinet from the oxygen 
group and from nil other groups ; and each member of the 
chlorine group is, at least so far as we know, quite independent 
of the other members. We cannot make a bromine compound 
from a chlorine compound, or a chlorine compound from a 
bromine compound without directly replacing the one clement 
by the other. 

Now, when we come to study the compounds of carbon, we 
ahall llnd tliat tlie same general principle of classiScatiou is 
made use of ; only, in consequence of the pociiliarities of the 
compounds, the system can be carried out much more perfectly [ 
the mcnibevs of the same group can be transformed one into 
the other, and it is also in our power to pass from one group to 
another by means of comparatively simple reactions. 

The simplest compounds ol' carbon are those wliich contain 
only hydrogen and carijou, or the hydrornrbons. All the other 
com[]ounds may be regarde<l as derivatives of the hydrocarbons. 



18 INTRODUCTION. 

To begin with, there (iro several groups or aeries of hydrocar- 
bons, which eoiTespon<l somewhat to tlie diltcrent groups tt 
clstnents. The members of oiio iuid the same series of hydro* 
Ciirbotis resemble each other more closely than the mcjubera ol 
one and tho same series of elements. Attbongh we have indica^ 
tions of the existence of more thnn ten series of these hydrocAP- 
bons, only three or four of the seripH are at all well ki 
of these, but two include more tlian two or three meuibera which 
will need to be considered in thit, book. 

Storting with anj series of hydrocarbons, several clossea <tf 
derivatives may be obtained I t treating the fundamontal 
pounds with different reagents The chief classes of 
derivatives are : (1) those containing halogens ; (2) those 
tainiug oxygen, among which are the acids, alcohols, ethers, 
(3) those containing sulphur; and (4) those containing n 
gen. Corresponding to every hydrocarbon, then, we may e: 
to (Ind representatives of these different classes of derivati^ 
But the relations existing between any hydrocarbon and 
derivatives are the same as those existing between any ot] 
hydrocarbon and its derivatives. Hence, if we know w\ 
derivatives one hydrocarbon can yield, wo know what deri* 
tives we may expect to find in the case of every other hydra 
carbon. The student who, for the first time, undertakes 
study of carbon chemistry, is very apt to feel overwhelmed 
the enormous number of compouuds described in tho book or by 
the lecturer. This largo number is really not a serious matter. 
No one is expected to become acquainted with every compound. 
A great many of these need only be referred to for the purpose 
of indicating the extent to which the series to which they belong 
have been developed. In general, the members of any scries 
so closely resemble one another, that, if we understand Uic 
simpler members, we h»ve a fair knowledge of the more com- 
plicated members. 

It is pl-oposed, in this tren,tAHp, tii c.ov\*\i\c^ 'mX-j V'aia \M«ft 
iapoiiaat ooiupouuds aud the i\i<j\w \io\h>t\.uw\. 
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object being rather to give a cleiir, general notion of the subject, 
than detailed information regarding particular compounds. 
Should the student desire more specific information conceraing 
the pi-opertics of any of the compounds mentioned, be can 
easii; find it in some lai^er book. It will, however, hardly 
be profitable for him, at the ontset, to burden his mind with 
details. He may thereby sacrifice the general view, which it 
is 80 important that he should gain as quickly as possible. 

The plan which will he followed ia briefly this ; Of the first 
series of hydrocarbons two members will be considered. Then 
the derivatives of these two will be taken up. These deriva- 
tives will serve admirably as representatives of the correspond- 
ing derivatives of other hydrocarbons of tlie aame series, and of 
other series. Theii* characteristics, and their relations to the 
hydrocarbons will bo dwelt upon, as well as their relations to 
each other. Thus, by a comparatively close study of two hydro- 
carbons and their derivatives, we may acquire a knowledge of 
the principal classes of the compounds of carbon. After these 
typical derivatives have been conaideretl, the entire series of 
hydrocarbons will be taken up bHeJly, only such facts being 
dealt with at all fully as ai-e not illustrated by the first two 
members. 

After the first series has been studied in this way, and a clear 
idea of the relations between the various classes has been 
obtained, a second scries will be taken up and treated in a 
similar way, and so on. But, as already stated, but few of 
the series require very much attention at the beginning. The 
first series which will be used for the purpose of illustrating the 
general principles is one of the two most important series, and 
of the only two that need be considered at all fully at present. 






CHAPTER 11. 

METHANE AND ETHANE. - HOMOLOGOUS 

8EBIES. 

If wo were to Rtad\ all thL h\ drocarhoiis known, and were 
then to irrange them in groups iLCorciiog to their propertit 
we wonld find that i large nnnil>er of them resemble marsh tfoi 
in their general eondiirt Some of the points of resemblance 
are these Thev ire very stable, resisting with marked power 
the actioQ of most reagents ; and nothing can be added to them 
directly, — if any change takes place in them, hydrogen ia fir** 
given up. On arranging these snbatancos ajjcording to tfas 
number of carbon atoms contained in them, we have a rem 
able series, the first sis members of which, together with tlt^^ 
lormulas, are included in the subjoined table : — 



Methane (or Marsh Gas) CH,. 

Ethane CjHo. 

Propane C^. 

Butane C,H«. 

Pentane CjHu- ' 

IJcxatio CaHh. 



On examining the formulas given, we see that the difference in J 
eoint)osition lietvreon any two consecutive members is represented I 
liy CHj. Thus, adding CH, to marsli gas, CH„ we get et^ianef " 
C,H«; adding CHa to CjHc, wc get CbIIj, and so on, 
successive step. Any series of this kind, in which the buoc 
BivB members increase in complexity by Clla, is calle<I a homoi 
ogous series. 
^.JuBt as the members of a homologous series of liydrocarbonal 
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differ from one another by CH,, or some multiple of it, so 
also the members of any class of derivatives of these hydro- 
carbons differ from each other in tJie same way, and form 
homologous series. Thus, running pai-allel to the hydrocarbons 
mentioned above, we have two homologous series of oxygen 
derivatives, as indicated below : — 

CHi - CH.0 - CHjOo. 

IC,H, - CA.0 - C^HA. 
C,Ha - CsHgO - C3H9OJ. 
C,H,„ - C^HioO - C^HbOj. 
CjHu - CjHu^ - CjH^Oj. 
CoH„ - C„IIi,0 - CeH,jOj. 
luo Illation observed between tho members of the bomologoS 
series mentioned is by no means a peculiarity of the marsh gas 
series of hydrocai'bons and of their derivatives, but is obeei-vod 
in connection with aU other series of hydrocarbons and their 
derivatives. 

Strietly speaking, there is perhaps no analogy for this re- 
markable fact among the elements and their com])ounda, yet 
facta which suggest analogy are known. Consider, for example, 
the chlorine series. We have 

Chlorine, with the atomic weight, 35.4 
Bromine, " " " 80. 

Iodine, " " " 127. 

As is well known, the difference between the atomic weights of 
chlorine and bromine is approximately equal to tho difference 
between those of bromine and iodine. In other words, there is 
a rcgidar increase in complexity .is we pass from cblorine to 
iodine. Or, at least, there is a regular increase in the atomic 
weights of these similar elements, just as there is a regular 
increase in the molecular weights of tho similar members of a 
homolt^ous series. While, however, a satisfactory hypothesis 
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has lieen offered to account for the latter fnct, and 
mental eyidence ia strongly in favor of the hypoth* 
factory osplanstion of the former has been offered ; or 
no satisfactory expcrimcntai evidence has be.en furnished 
favor of the various hypotheses which from time to time have 
been put forward to account for the similarity between membeoi 
of the same group of elements. 

The view at present held in regard to the nature of bomology^ 
is founded, primarily, npon the idea that carbon is qtiadrivftletit. 
If carhon ia quadrivalent, it will readily he seen that the com- 
pound, marsh gas, CH^, is saturated ; that is, the moleoulo 
cannot take up anything without losing hydrogen. In order, 
therefore, that we may get a compound containing two atoms 
of carbon in the molecule, some of the hydrt^en must first be 
given np. With our present views, we cannot conceive of union 
taking place directly between the molecules CH, and CH^, but 
we can conceive of union taking place between the molecules 
CHj and CHj, to form a molecule CsH,,, which in turn is satu- 
rated. Representing graphically what is believed to 
place, we have, first, marsh gas, which we may represent 

H 
H — C — H. If this loses one atom of hydrogen, we have 1 

E I 

unsaturated molecule H — C — , which ia capable of uniting > 

H 
another molecule of the same kiud to form the more complei 
U E 



L«»lecule H-C-C-U, or C,Hb, which i 
I EH 

Hie relation existing between marsh gas, Clii, and ethane, i 
or between any two adjoining members of a homoic^oua a 
The evidence in favor of ttiis view will be presented when i 
reactions are considered by means of which the hydrc 
I bona arc mode. The explanation offered, and uoifV general 
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accepted, involves the idea that carbon atoms have the powei' 
of uuitiug nith each other. And, as the explanation for the 
relaUoQ between the first and second memhers is, m principle, 
I as for the relation between the second and third, the 
third and fourth, etc. , it follows that this power of carbon atoms 
to unite with eacli other is very extensive. It is to the power 
which carbon possesses of forming homologons series, or to the 
power of the atoms of carbon to unite with each otlier, that we 
owe the large imraljer of eompouuda of this element. 

Methane (marsh gas, fir© damp), CH,, — This liydro- 
carboii is found rising from jkkiIs of stagnant water in marshy 
districlB. If a bottle be fllled with water iind inverted with a 
funnel in its neck in snch a pool, some of the gas may be col- 
lected by holding the funnel over the biibiiles rising fi-om the 
Iratt^im. It is also found in large quantities mixed v/iQi air, in 
coal mines, and sometimes issues from the ^arth, iu company 
with other gases, in the neighborhood of potrolenni wells. 

It may be prepared by passing a mistiu-c of carbon bisulphide 
and hydrogen sulphide or water vapor over iguiteil metals, as 
indicated in the following equationa : — 

CSa -I- 2 II,S + 8 Cii = Cir^ + 4 CujS, 
and CSj + 2 1I,0 + 6 Cu = CH. + 2 Cu.S + 2 CuO. 
These methods ai'e of mtecial interest for the reason tJiat they 
indicate the possibility of making marsh gas from the elements ; 
carbon bisuljihide, hydr<^cn sulphide, and water all being made 
readily from the elements. 

It is formed, as its occurrence in marshes indicates, by the 
decomiHisition of organic matter under water. In pure cnu- 
ditioQ it is iniido most readily by mixing 2 paiis sodium acetiite, 
2 parts jmtassium hydroxide, and 3 parts quicklime, and heat- 
ing the mixture. Writing sodium instead of potassium hydrox- 
ide, the actioti which takes place ia represented tlius : — 
NaC'sHjO, + >'aOH = CII, -f- Na^CO,,. 
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In wlU \^', itiufwu hr^roafter tlmt most acids of carbon break op 
id X ^^miur w&v, vi<;ldinc( a hydrocarbon and a carbonate. 

§'rjf(^,nUA, Marhh ^as is colorless and inodorous. It is 
<u<^;:i\Xy v^lrjbU; in waU;r, hut not so much so as to prevent its 
^/i.<^'':ti/,ft ffS'i-T wnU'.r, It hums. Its mixture with air is explo- 
.<Iv^:, It lA thin mixture which is the cause of the explosions 
wUW:U j^p fn:f\nt',ui\y take place in coal mines. 

Ksp4;rfm#;rit 3. Make marnh gas from sodium acetate. Collect 
OY'^ yfiL*jrr. IJuni som^i as it escapes from a jet. Mix a little with 
k/f'ifM *jf *:ii:Ui tlines Its volume of air in a wide-mouthed cylinder of 
f^A tt$or*: Umu VA) Uf 20(y^ capacity. Explode by applying a lighted 

lU'ii{i*'.uU. ill ^oiKrnil, do not act readily upon marsb gas. 
^ .uiotUti'. ill diffiiHi'd daylight gradually replaces the hydrogen, 
forthiuii A Ht'Ytt'M of (fornpouiids which will be considered under 
th#r Ui:fu\ of llic hiilogiiii di'rivativcs of methane. The simplest 
of lUi'Mi UiiH i]w, (!OiiipOHiti(>ii represented by the formula CHgCl, 
Mttl iH known uh rhlor-mcfhrnKi or methyl chloride. 

Ethane, CaH,. — lOtiiiuie riHos from the earth from some of 
tli(? ^iiH welU in th(^ n^fijiouH in wliicli petroleum occurs. It is 
uImo frMiiid dihMolvod in crude petroleum. 

It can lu! made from methane by introducing a halogen and 
ninkin^ ii compound like chlor-metliane, CH3CI. As the con^e- 
Hponding iodiiu; derivative is loss volatile, it is used. This iodo- 
nicMianc, (il,)l) in treated with zinc or sodium in some neutral 
medium, an, for (example, anhydrous ether. The reaction which 
tnkeH place in represented thus: — 

(^II,I + (^II.,I + 2 Na = CgHc + 2 NaT. 

'I'his method of l)uildin<i; up more complex from simpler hydro- 
carbons has been used extensively ; and it is well calculated 
to sliow the relations between the substances formed and the 
simpler ones from which they are made. 
Aji ojH'nition of the kind iuvoVvovV \u t\\e \x\>ox<i-\\v«tA:\ai!iRA. 
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preparation of ethane is called a synthesis. The essential feature 
of the synthesis is the formation of a more complex body from 
simpler ones. Our knowledge of the structure of the compounds 
of carbon is largely dependent upon the use of various methods 
of synthesis. For example, in the case under consideration, the 
synthesis gives us at once a clear view of the relations between 

ft ^ 

ethane and methane, and also suggests that homology may be 
due to similar relations between the successive members of the 
series, — a view which is fully confirmed by the synthetical prep- 
aration of the higher members. A similar method of synthesis 
has been used in the preparation of tetrathionic acid from 
sodium thiosulphate. The action is represented thus : — 

Na^ A I + T = NaS A > + 2 Nal. 
NajSA 3 NaSA 

Two mol. sodium Sodium tetra- 

thiosulpbute. tbionate. 



CHAPTER III. 

HALOGEN DERIVATIVES OF METHANE 

AND ETHANE. 

Substitution. — When methane and chlorine are brought 
together in dittused daylight, action takes place gradually ; 
hydrochloric acid gas is given off, and one or more products 
are obtained, according to the length of time the action con- 
tinues. The products have been studied carefully, and four 
have been isolated. The composition of these products is repre- 
sented by the formulas CH3CI, CH2CI2, CHCI3, and CCI4. We 
see thus that the action of chlorine consists in replacing, step 
by step, the hydrogen of the hydrocarbon. The action is repre- 
sented by the four equations : — 

(1) CH4 + CI2 = CH3CI -f- HCl; 

(2) CH3CI -f- CI2 = CIIoCl, + HCl ; 

(3) Cn.,Cl2 -h CI2 = CHCI3 + HCl ; 

(4) CHCl., + CI2 = CCI4 + HCl. 

This replacement of hydrogen by chlorine is an example of 
what is known as substitution. We shall find that most hydro- 
carl)on8 are very susceptible to the influence of the halogens 
and a number of other reagents, such as nitric acid, sulphuric 
acid, etc., and that thus a large number of derivatives may be 
made, differing from the hydro(*arbons in that they contain one 
or more lialogen atoms or complex groups in the place of the 
same numl)or of hvdrojjen atoms. It must be l)onie in mind 
that the mere fact tliat chlorine, in acting up(m marsh gas, 
replnceti an oquiviilcnt quantity of hydrogcii, <\oea\io\. \ixa\fe\>a»X. 



DI-IODO-JIETHANE. 27 

tlie chlorine in the product occupies the Bame place tliat the 
replaced hydi'ogen did, Nevertlielees, a careful study of all 
the facts regarding the proilucts thus formed has led to the 
belief that tlio substituting atom or reaidue does occupy the 
same |)lacc, or bear the same relation to tbe carbon atom as 
the hydrogen did. 

The name substitution-products properly includes all products 
made from tJie hydrocarbons, or from other carbon compounds, 
by the substitution process. The principal ones are those 
formed by the action of the halogens, or the Judogen subalitution- 
priidiKts; tliose formed by the action of nitric acid, oi- the nitro- 
siibnt'tiition-prodHKts ; aud those formed by the action of sulphuric 
acid, or the aulphonia avida. Tlie last are, however, not com- 
monly spoken of as substitution -products. 

Chlor-methaJie, methyl chloride, CH^Cl. 
Brom-methane, methyl bromide. CHjEr. 
I odo-ro ethane, methyl iodide, CHJ. 

Thi; eliloiine and bmmiuc pruUui't« can he made by treating 
nu'thanc with the convsiionding element. They can he most 
easily made by treating methyl alcohol with the corresponding 
hydrogen acids : — 

CTi.o + nci = cnjt:i + HjU. 

Melhyl olculiol. Chlor-mmhuno. 

Di-iodo-methane, methylene iodide, CH,I, This sub- 
stance is the principal halogen derivative of methane containing 
two halogen atoms. It is made from iudolbnn or tri-iodo- 
mt^tliane, CIIIj, by treating with liydriodic acid, which latter 
acts simply as a reducing agent : — 

CUIa + 111 = C'H,L + IH. 
As will he seen, this is » ease of reverse sitbslilv,tion : in other 
words, the action is the opposite of that described above as 
substitution. Methylene iodide is a li<\u\ii 'Ntat\i\vwJA ^X. V"^ , 
Mid bos the specific gravity 3.342, 
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Chloroform, CHCln. ^ The ])est known and most exten- 
Bromoform, CHB3. y sively used of these three derivatives 
Iodoform, CHI;t. J is chloroform or tri-chlor-me thane. It 
is made by treating ordinary- alcohol with "'bleaching powder." 
The action is deep-seated, involving at least three different 
stages. It will be referred to more fully under the head of 
chloral (which see) . Chloroform is a heavy liquid of specific 
gravity l.o2G. It has an ethereal odor, and a somewhat sweet 
taste. It is scarcely soluble in water. It boils at 62°. It is 
one of the most valuable anaesthetics, though there is some 
danger attending its use. 

Experiment 4. Mix 4308 good bleaching powder and 1 J litres Tvater 
in a good sized flask. Add lOO^c alcohol (88 to 89 per cent), and lOOK 
quicklime, and distil in a water bath. A mixture of alcohol, water, 
and chloroform collects in the receiver. Add milk of lime and calciam 
chloride. Remove the chloroform by means of a pipette. 

Iodoform^ which is used quite extensivel}' in surgery, is made 
])y ])ringing together alcohol, an alkali, and iodine. It is a 
solid substance, soluble in alcohol and ether, but insoluble in 
water. It cr^-stallizes in delicate, six-sided, yellow plates. 
Melting-iK)int, 119**. 

Experiment 5. Dissolve 20s crystallized sodium carbonate in lOOK 
water. Pour lOR alcohol into the solution, and, after heating to 60® to 
80^, add gradually 10« iodine. The iodoform separates from the solu- 
tion. 

Tetra-cMor-methane^ CCI4, is made b}' treating carbon bisul- 
phide with chlorine, and by treating chloroform with iodine 
chloride, ICl. 

Equivalence of the hydrogen atoms in methane. Having tbns 
seen that the hydrogen atoms of methane can easily be replaced, 
an interesting question suggests itself as to whether these hydro- 
gen atoms all bear the same relation to the carbon atom. We 
accept the conclusion that the carbon aU>m *\^ c\>\aAt\N«\fisi\\,^ 
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luid thai eiiL'h of llic four hyfi'tigcn iitoiiiH is in t-onihinatiiiu 

H(l) 

witli it, as iudicfltcd in tlm foimulu. (4) II- C -H (2), Do the 

n(3) 
utums uiimlKM'GLl 1, li, 3, iiDcl 4 liear tlie same I't^lation to the 
carbon nr not? If they do not, then, on replafing H (!) by 
chlorine, the product should be different from that obtained by 
replacing H (2), H (3), or H (4) ; or, it should be possible 
to make more than one variety of chlor- methane and of similar 
products. This subject .is an extremely difficult ooe to deal 
with. We can only say that, although chlor-methaue has been 
made in several ways, the product obtained is always the 
snino one ; and tlic same is true of all other snbstitution -pro- 
ducts of methane. Hence, vx have no reason whatever for 
believing thui there are any differences between the hydrogen 
utom» of methane. We therefore conclude that they all bear the 
saiae relation to the carbon atom. 

This conclusion is of funilamental importance in dealing with 
the higher members of the methane series, and, indeed, in deal- 
itie with all curbou compounds, as will be seeti later. 



Hthi 

■■■ Brc 



lor-ethane, ethyl chloride, C;HiCl. 

Brom-ethane, ethyl bromide, 0,HiEr. 

lodo-ethane, ethyl iodide, C^HjI. 

These Bubstauces arc nil liquids having pleasant ethereal odors. 
The first boils at 1^°, tlie second at 38.8°, auci the thiiil at 72°. 
They are most readily made from alcohol, by treating with the 
corresponding hydrogen acids. In the case of the bromide and 
iodide, it is simpler to treat the aloohol with red phosphorus 
and the halogcu. The action is similar to that involved iu 
making liydi-obromic acid by treating water with red phosphoms 
an<l bromine. It will be sliowa that alcohol is a hydroxide, 
in which hydi-oxyl (Oil) is in combination with the g,rouij Cp.^, 
allied ethyl, us represented in l\ie loxmwVo. t^^.ti^. "^'•fsso.-l 
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bromioe is brought in contact with red phosphoras, the tribro- 
nude, PBr,, is formed, and this acta u|x»n the alcohol thus : — 

^M CiH.>-OH -i- Br I P = 3 CM,\ii- + rfOH)^. | 

^F CvHj.OII BrJ 

Wliea water is used instCBd of alcohol, the bromine appears in 
combmatiou with hydrogen as hydrobromio aciil*" ' 

Experiment 6. Armuge dd apparatns as represented In Fig. 4^ 
Id the fliutk plaee IW red phosphorus and i30e absolute :Llcohol. Faff 
60* broraiui! in the glass-stoppered fuune), and, by means otOte stop- 1 




it the brouiiue enter the flask very slowly, drop lij drop. AStilx j 
g the mixture to stand for two or three hours, gently heat ii 
Mth. ftod the broni-ethaiic will distil over, Plate the distillate fa ] 
i«-Btoppered cylinder, and uhake it first with water to which a< 
c soda has been added, and then two or tliree times with wi 
Separate the water from the brom-ethanc either hy means of K 
r a separating flmuei. Add two or three pieces of fused i 

A food [ilprtle for •nimratlng Iwo Ilqilldi ordifferenl iprelflc gravllLui nmylj 
UIdwi: Select ■ pl«e ot (tUuu tablog iboiit l.B la 2" inti^rnal dlmnetei 
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calciuin chloride the size of a, small marble, and let stand for a fen 
hours. Tbcu pnur off into a clean, dry (iistiUiiig btilb, and distil, noting 
tile boillnjr-point 

Amoug the mauy halc^en substitution-products of ethane 
contaiulug more than one halogeu atom, only two will be men- 
tioned. Tbese arc tbc two ili-cldor-ethanes, both of wliich are 
represented by tbe foi'uiula CjIIjClj. The esisteuce of these 
two substauees, having the same composition but entirely differ- 
ent properties, aHords a good example of what ia known as 
isumerism. 

iBomeriBm. — One of the most striking and intcreBting facts 
with which wo become familiar in studying carbon compounds, 
is the frequent occuri'euee of two, and often more, substances 
containing the Bame elements in the same proportions by weight. 
Bodies which bear this relation to each other are said to be 
isomeric. •■.. 

Isomerism is of two kinds: (1) Bodies may have the same 
per centage comjKtsition and the same molccnlar weights. Such 
bodies are said to be vietamerk. The di-chlor-ethanes, CjH^Clo, 
for example, are metameric. (2) Bodies which have the same 
per centage composition but different molecular weights are said 
to be pohnneric. Acetylene, Call^, benzene, C(|H„, and styrene, 
CgHe, are polyinenc. 



eocoDd Ibat wlJI 111 iDDgLy In 
Draw one fhe lurger tubi', 

by moLIIoff It Co^lliL^r. Flni 



I can bu movnl up nud dovD wllhout dUBeulty. 
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The cause of isomerism is uiKloii])tedly to be found in the 
different relations which the parts of isomeric compounds bear 
to each otlier. Our structural formulas, which show the relations 
between the parts of compounds which have been traced out by 
a study of the chemical conduct of these compounds, give us an 
insight into the causes of isomerism. To illustrate, let us take 
the two di-chlor-e thanes. One of these is made by treating 
ethane, the other by treating ethylene, C2H4, with chlorine. 
In the first case the action is substitution ; in the second, the 
chlorine is added directly to ethylene, thus, — 

C2II4 + Clo = C2II4CI2. 

The product from ethylene is called ethylene chloride; that from 

etliane, ethylidene chloride. It will be shown that etiiylene is to 

CH, 
be represented by the formula i ; that is, that in it two hydro- 

CH, 

gen atoms are in combination with each of tlie carbon atoms. 

Now, if chlorine is brought in contact wuth this substance, we 

would naturally expect each of the carbon atoms to take up one 

atom of chlorine, and thus to become saturated, as represented 

in the equation, — 

CH2 CI CH2CI 

I + = I 

CH2 CI CH2CI. 

Chlorine is taken up, and it is believed that the eth^'lene 
chloride obtained has the structure represented in the formula 

CHjCl 

I , the distinctive feature of which is that each of the chlorine 

CHjCl 

atoms is in combination with a different carbon atom. 

We, however, can conceive of another possibility ; viz., that 

the chlorine atoms are both in combination with the same 

cnci, 

carbon atom, as represented in the fonnula | , and we 

CII3 
would be inclined to the view that this represents the structure 



ISOMERISM. 33 

of ethylideue chloride. Fortunately we have experimental evi- 
dence to support this view. It will be shown that aldehyde 

Clio 
has the formula | . When aldehyde is treated with phos- 

CII3 

phorus pentachloride, two chlorine atoms take the place of the 

oxygen. A product which must be represented by the formula 

CHCI2 

I is formed, and this is identical with ethylidene chloride. 

CH3 

Thus it will be seen that the difference between the two iso- 
meric compounds, ethylene chloride and ethylidene chloride, 
may be said to depend uix)n the fact that in the former the 
two chlorine atoms are in combination with different carbon 
atoms, while in the latter both are in combination with the same 
carbon atom. 

General characteristics of the halogen derivatives of methane 
and ethane. The one characteristic to which it is desirable 
that special attention should be called is the firmness with which 
the halogens are held in the compounds. Chlorine, in combina- 
tion with a metal in the form of a soluble compound, can always 
be removed by addition of silver nitrate. It cannot easily be 
so removed when present in substitution products of the hydro- 
carbons. If silver nitrate be added to a solution of chlor- 
methane, CH3CI, no precipitate is formed. On the other hand, 
when chlor-methane is heated with a silver compound, the chlorine 
is removed. Sodium and zinc have the power of extracting the 
chlorine, bromine, etc., from halogen derivatives, and this fact 
is taken advantage of in the synthesis of many hydrocarbons. 
(See ''Ethane," p. 24.) 



CHAPTER IV. 

OXYGEN DERIVATIVES OP METHANE 

AND ETHANE. 

TiiKRK are several classes of oxygen derivatives of the hydro- 
carbons. Among them are tlie important bodies known as 
alcohols, etliers, aldehydes, and acids. Each of these classes 
will be taken up in turn. 

1. Alcohols. 

Among tlie most imi)ortant oxygen derivatives are the alco- 
hols, of which methyl alcohol, or wood spirits, and ethyl alcohol, 
or spirits of wine, are the best known examples. As far as 
composition is concerned, these bodies bear very simple relations 
to the two hydrocarbons, methane and ethane. These rela- 
tions are indicated by the formulas, — 

Ilydrocarbons. Alcohols. 

CH4 CH4O 

C2He C2rlgO. 

The molecule of the alcohol differs from that of the correspond- 
ing hydrocarlK>n by one atom of oxygen. In order to under- 
stand the chemical nature of alcohols, it will be best to study 
with some care the reactions of one ; and we may take for this 
purpose the simplest one of the series, viz., methyl alcohol. 

Methyl alcohol, CH4O. — This alcohol is known also as 
wood spirits. It is found in nature in combination in the oil 
of wint(»rgreen. It is formed, together with many other sub- 
stances, in the dry distillation of wood. It is hence contained 
in crude pyroligneous acid or wood vinegar. Wood is distilled 
in large quantities for various purposes ; chiefly however, for 
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making cburcoal. Id Bome charcoal factories the distillate is 
collet'ted uud utilized. Wood is distilled also for the jiurpose 
of makmg vinegar, or pure acetio acid. 

It is not an easy matter to get pure methj-1 alcohol fi-om cnide 
wood spirits. Fractional distillation alone will not answer ; 
though, if the niixtnre be distilled for some lime, and the impure 
alcohol thus obtained then converted into some crystalline deriv- 
ative, the lattfir can be purified nnd then decomposed in snch 
a way as to yield the alcohol iu pure condition. 

Methyl alcohol is a liquid which boils at GO. 7°, and has the 
spetiifio gravity 0.8142 at 0°. It closely resunibles ordinary 
alcohol in all its properties. It bums with a non-luminous 
dame. When taken into the system it intoxicates. In coDcen- 
triited form it is poisonous. It is an excellent soiyent for fata, 
oils, resins, etc., and is extensively used for this purpose. / 

1. Action of hydrochloric, hydrobroviic, and other actda on 
ntethj/l ali-ohol. The action of a few acids is represented by 
the following equations : — 

CH,0 + HBr =,CU3Br 
CH4O + HCl = C^Cl 
CHjO -I- HNO3 = CHaNO, 

2 ciif> + HjSO, = (c:n5)i,so. -t- 2 11,0. 

The action is plainly suggestive of that of luetalllc hydroxides 
or bases. In each case the acid is ncutraliiied and water is 
formed, just as the acid would be ueutrahzed by potassiiun 
hydroxide. 

2. Action of pho^ihoms trichloride. When phosphorus tri- 
chloride acts on methyl alcohol, the products are chlor-methane 
and phoBphontus acid : — 

3 CIM) + VCh= 3 CH3CI -I- P(OH),,. 

Here an atom of oxygen ami an atom of hydrogen arc together 
replaced by one atom of chlorine, the reaction being like Chat 
which takes place between waijcr and plmsphoniB trichloride :— 



H,0 
II.0 
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This fact would lead us to suspect that there is some resent 
blance between the alcohol and water. 

3. Action of iwtasslnm and sodium. When potassinm is 
brought in contact witli pure uiethyl alcohol, hydrogen is given 
off, and a compound containing potassium is formed : — 

CII4O + K = CH3KO + H. 

Further treatment of this compound with potassium causes no 
further evohition of hydrogen, so that plainly one of the four 
hydrogen atoms contained in methyl alcohol differs from the 
other three. 

The resemblance between methyl alcoh(^ and metallic hy- 
droxides ; the replacement of hydrogen and oxygen by chlorine ; 
and the resemblance ])etween the alcohol and water ; and, 
finally, the replacement of one, and only one, hydrogen atom 
by potassium, lead to the conclusion tliat tlie alcohol contains 
hydrogen and oxygen in combination, and that the characteristic 
reactions are due to the presence of the group called hydroocyl 
(Oil) . The analogy between the alcohol, a metallic hydroxide, 
and water, is shown b}- these formulas : alcohol, CH3 .OH ; 
hydroxide, K.OIl ; water II. Oil. Thus water appears as the 
type of both the hydroxide and the alcohol, and they may be 
regarded as derived from water by replacing one hydrogen atom 
by the group CII3, in the case of the alcohol, and the metal 
potassium in the case of the hydroxide. Or, on the other hand, 
methyl alcohol may be regarded as marsh gas in which one of 
the hydrogen atoms is replaced by hydroxyl. This is the view 
which is universally held. 

To test the correctness of the view, we may try to make 
methyl alcohol in some wa}' that will show us of what parts it is 
made up. Thus, we might start with marsh gas, and introduce 
a halogen, as lu-omhie. Now, if we bring ])rom>methane to- 
getlier with a metallic hydroxide, the bromine and the metal 
may unite, leaving the hydroxyl and the group Cllj, wliich may 
unite also, as indicated in the equation 

CII^Hr -f- MOII = cii;,.on -V- ^1\^T. 
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If methyl nlcoliol couM be made in this way, we should have 
' very clear pi-oof of the coi'rectnesa of the view expressed in the 
formula CHj .OH. While do reaction of this kind has been used 
in the preparation of methyl alcoliol, so many alcohols hai-e l«en 
made in this way that the proof is overwhelming. 

The veactions above oonsiderod show that the part of methyl 
alcohol which con-eaponde to the metal in the hydroxide i8 the 
group CH,. This it is whicli enters into the acids in place of 
their hydrogen, and this remains unchanged when potasainm 
acts upon tlie alcohol. It haa received the name methyl. Hence 
we have the names methyl alcoliol, methyl bromide, methyl 
' ether, etc. A group wliieh, like methyl, appears in a number 
of compounds is called a radical, or residue. Those names are 
intended simply to designate that part of a carbon compound 
which remains unchanged when the compound is subjected to 
various transforming influences. 

The two most characteristic i-eactions of metiiyl alcohol are : 
(1) its jjower to form salt-like, neutral bodies when treated 
with acids ; and (2) its power to form an acid when oxidized. 

Tlie neutral bodies formed with acids correspond to the salts 
of metals, only they contain the radical, or residue, methyl, 
CHa, in tlie place of metals. They are called compound ethers 
or ethereal salts. 

The acid formed by oxidation has the comjxtsition expressed 
liy the formula CH^O^. It differs from the alcohol by contain- 
ing one atom of oxygen more and two atoms of hydrogen Ifess. 
It will be shown that this acid is the first of an important series 
of acids, linown as the/aWy acids, each of which bears the same 
relation to a hydrocarbon containing the same inimbor of carbon 
atoms Ujat this simplest acid bears to marsh gas. 

Bthrl aloohol, C.Hi.OH. — This is the best known sub- 
stance belonging to the class of alcohols. It is known also by 
tlie names npirit-i of wine and ordinary alcohol. It occurs in 
small quantities widely distributed in nature. 
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The one method of preparation upon which we are dependent 
for alcohol is the fermentation of sugar. 

Fennentation. — AVhenever a plant juice which contains 
sugar is left exposed to the air, it gradually undergoes a change 
by which it loses its sweet taste. Usually the change consists 
in a breakhig up of the sugar into carbon dioxide and alcohol. 
The equation 

CeHi^Oe = 2 CaHeO + 2 COg, 

Sugar. Alcohol. 

approximately expresses what takes place in the process which 
is known as alcoholic fennentation. It has been shown that 
fermentation is caused by the presence of small organized 
bodies, cither animal or vegetable. These bodies, which are 
known as ferments^ are of different kinds, and cause different 
kinds of fermentation with different products. Among the kinds 
of fermentation the following may be specially mentioned : — 

1. Alcoholic or vinoits fennentation. This is caused by a 
vegetable ferment which is contained in ordinary yeast. The 
ferment consists of small, round cells arranged in chains. The 
products of its action are alcohol and carbon dioxide. 

2. Lactic acid fermentation. This is due to a vegetable 
ferment which is contained in sour milk. It has the power of 
Iransforming sugar into lactic acid. 

.-5. Acetic acid fermentation. This is due to a peculiar vege- 
tal )le ferment which acts upon alcohol, transforming it into 
acetic acid. 

The germs of the various ferments are in the air ; and, when- 
ce ver they find favoral)le conditions, they develop and produce 
tlieir charactoristic effects. They will not develop in a solution 
of pure sugar. The variety of sugar which is fermentable, and 
which is the one from which alcohol is obtained, is not an 
ordinary cane sugar, but one kuowu an (jraDC sugar ; ot.> more 
coiiunonly, f//iicose, lu order that l\\e icYiwewta ixi^x.^ ^\Qr« ^\3ci^x^ 
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muet be present in tbe solution, beside the sugar, snbstances 
which contain nitrogen. These, aa well ns the sugar, are con- 
tained in the juices prceseil out from fruits, and hence these 
juices readily uudet^o fermentation. 

In the manufacture of alcohol a solution containing either 
starch or sugar is first prepared from the residue of wine presses, 
or from some kind of grain or potatoes. In case the solution 
contains grape sugar, this undergoes fermentation directly 
when the ferment is added. If tlic siibstonce in solution 
ia cane sugar, this is first changed hy the ferment into grape 
sugar, and the fermentation then takes place as in the first 
case. 

Rxperlmcnt 7. Dlasolve 40 to SOk commercial grape sngar In 3 to 
A litres of water In a good-Bized ffask. Coanect the flaali by means of 
a bcDt tube with a cylinder cuntBluing clear lime water. Protect the 
latter from the air by means of a tube containtng caustic potash. Mow 
add to tlic solution of grajic easa.T a little brewer's yeast; dose die 
ceanectloDs. and allow to stand. Soon an evolution of gas will begin, 
and, as this passes through the lime watur, a precipitate of calcium 
carbonate wiU be formed. .4fter the action is over, place the flask in 
a water-bath i connect with a condenser, and distil over 100" of the 
liquid. Examine this for alcohol. 

A good way to detect alcohol is this: Warm the solution to be 
tested; add a small piece of iodine and then caustic potash unUI the 
color Is destroyed. On cooling, a yellow crystalUue powder of iodo- 
form Is deposited. 

To obtain alcohol from fermented liquids, they must be dis- 
tilled. The ordinaiy alcohol contuiua water, and a mixtnre of 
other alcohols called fuael oil. The latttr can be removed 
partly by distillation, and tlie last portions cau lie gotten rid of 
by filtering through charcoal. The water cannot he removed 
completely by distillation, though a product containiug about 
ii3 per cent of alcohol may be obtained. 

Absolute akohol is ordinary alcohol from which the water has 
been removed to a considerable extent bj m«A.Qs> (A opvOfiisssi- 
As n nile ahsoJute alcoliol contains sHixixA. a -(WiT cftxA. *A "«■»;««- 
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By continued treatment with lime the quantity of water may lie J 
reduced to one-half a per cent, and Uiis small quantity may be I 
removed by treatment with metallic aodium. 

Elxperlinent 8. Prepare absolute alcohol from ordinarj- strong 1 
alcohol. For this purpose a good-slxod flask is one-half to two-thirJr^ 
tilled with quicklime broken into small lumps. The alcoliol Is poured T 
upon the lime, aud allowed to stand at least twenty-four lionrs, when 
U Is distllli-'d off on a water-bath. If the alcohol used contains a 
sldenkble water, It is necessary to repeat the treatment with lime. 

Pure ethyl alcohol has a peculiar, pleasant odor. It 
claimed, however, that perfectly anhydrous alcohol has no 
odor. It remains liquid at very low temperatures, but has 
recently been converted into a solid at a temperature of — 130. .I". 
It boils at 78.3°. It burns with a non-luminous flainc, which 
does not leave a deposit of soot on substances placec 
may hence be naed for beating purposes in chemical labora^ 
tories. When mixed with air its vaijor explodes when a 
applied. Its effects upon the humau system are well knowa*< 
It intoxicates when taken in dilute form, while iu large doses i^ 
is poisonous. It lowers the temperature of the body from 0.5* 
to 2° when taken internally, although the sensatioa of wamttb 
is experienced. 

Alcohol is the principal solvent for substances of oi^aok 
origin. It is hence extensively used in the arte, as in the x 
factnre of varnishes, perfumes, and tinctures of drugs. 

The many beverages which are in use depend for their effi- 
ciency npon the presence of alcohol in greater or smaller quanti^j 
The milder forms of beer contain from 2 to 3 per cent ; li^ll 
wiaes, such as claret, about 8 per cent ; while whiskey, braodyi 
mm, and other distilled liquors eonietimos contain as much as fifi 
to 75 per cent. Tliese distilled liquors are nothing but ordinal^ 
alcohol with water and small qnautities of substances obtaiaef 
ftom the fruit or grain used in their preparation, or obtained b* 
standing in barrels m.ide of oak wood. The different fl 
nre due to the small quantities of these substancea. 
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Chemical conduct of ethyl alcohol. All that waa said in regard 
to tlie chemical conduct of methyl alcoTiol applies to ethyl 
alcohol. The action of acids, of phosphorus trichloride, 
the alkali metals, and of oxidizing agents is the same as in tlie 
case of methyl alcohol, only the prodneta formed contain the 
radical, ethyl, CjHj, instsad of methyl. 

Note fob Student. — Tlie student ia advised to write the equa- 
tions representing the aetlrin orhydroelilorle, hyrtrobromlc, and nitric 
acids; of phosphorus trichloride; and of potassinm, upon ethyl alcohol. 
What la tlie composition of the acid formed by oxidation of ordinary 
alcohol? 

2, Ethers. 

As has been shown, when an alcohol is treated with potas- 
sium or sodium, compounds are formed having the for- 
mulae 

Cn^ONa, C'IT;,ttK, CalljOK, fJIjONa. 

If one of these lie treated with a mono-halogen derivative of 
a liydrooarbon, as, for example, iodo-methauc, CH^I, reaction 
titkes place thus : — 

CHjONa + CHJ = C^jO -f Nal. 

The reaction leaves very little room for doubt in regard to 
the structure of the compound CiiHuO. It must be represented 

cn/ 

Comparing it with methyl alcohol, we see that it is obtained 
(Vom the alcohol by replacing the hydrogen of tlie hydroxyl by 
methyl, Clla- Just as the alcohol is analt^ous to tlie hydroxide 
KOII, so the new compound is aualogous to the oxide KjO. 
It is the representative of a class of hodies known as etkurn, 
wliich arc analogous to tlie oxides of the metals. Our ordinary 
litlier is thu chief representative of tlie class. 

IVhile tlio reaction above mentioned senes admirably to show 
tlie relations between the alcohols and ethers, it is not tlie one 
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that is made use of in their preparation. Tliis consists in treat- 
ing the alcohols with sulpliuric acid, and distilling. 

Ethyl ether, C^HjoO ^ (035)20. — This is the substance 
commonly known simply as ether ^ or Rulplmric ether. The latter 
name was originally given to it because sulphuric acid is used 
in its manufacture, and plainly not because any sulphnr is con- 
tained in it. 

Theoretically, the simplest way to make ether from alcohol 
is to make the sodium compound of alcohol, C2ll50Na, and to 
heat this with brom- or iodo-ethane thus : — 

CsTIsONa + C2IIJ = (0,1X5)20 + Nal. 

Practically, however, ether may be made ranch more readil3', 
and it is made on the large scale by mixing sulphuric acid and 
alcohol in certain proportions, and then distilling the mixture 
as described below. Two distinct reactions are involved in this 
process. First, when alcohol and sulphuric acid are brought 
together, half the hydrogen of the acid is replaced by et±iyl 
thus : — 

C^H.OH + J j > SO4 = ^-JJ^ > SO, + H,0. 

The product thus formed is called ethyl'SuJ^yhuHc add. 

Kxpt'riniont 9. Slowly pour 20 to .-JO**: concentrated sulphuric acid 
into about the same volunie of alcohol of 80 to 00 per cent. Stir 
thorou^rhly, and dilute with a litre of water. In an evaporating dish 
add powdered barium carbonate until the licjuid is neutral. Filter, 
and examine the clear liltrate for barium. Its presence shows that a 
soluble barium salt lias been formed. This is barium ethyl-sulphate, 
lia(r:,lI;,S(\),. 

AVlien ethyl-snlphuric acid is heated with alcohol, ether is 
formed, and sulphuric acid is regenerated thus: — 

11 i.'»lir. 



•^-'i> 



ETttllL ETllEE. 
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The ether thus formed distils over ; and, if alcohol be admittwl 
to the Bulphuric acid, etliyl-siilphiirio airid will iigaiii be fonned, 
and with exceaa of aicobol it will vicld ether. The actual 
method of jiroceduro is described iti \ 

Experiment lO. Arrange nil npparatns as shown in Tig. 6. In 
the flask put a mixture of 200^ alcohol, ttinl SilOB ordinary concen- 
trated Biilphuric acid. It is liett^r to mb: them in another vessel, 
and allow Ihc raixturu lo staad for some tiniE until it is tborougUy 




cooled do(VTi ; and then to pour off from tho precipitated lead sulphate as 
completely as possible. Now hent until the theriuomeCcr indicates the 
temperature H0°, At this point the mixture faolla, and ether begins to 
pnNH over. As soon as thic Is noticed, open the stop-cock of the vessel 
A, and let a alow stream or alcohol pass into the distilling flask through 
the tqbe B, which must reach beneath the surface or the niixturc. 
lit'gulate this stream so that the temperatnre remains as near HO" aa 
possible. lu this waj the operation can be kept up for a considerable 
time, the alcohol admitted to the flask passing out a.i ether, and being' 
collected together with Home alcohol in the receiver. After about a 
linlt litre to a litre of distillate has bcun collected, stop the operation. 
Tlie mixture in the distilling flask may be kept in a, stoppered bottle 
and used ogaiiL vthva needed. Poui; tlic dlslU.lB.\.ftiB.Vs u. ^a£»r'«ui^v«'e>'^ 
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cylinder, and add water. The ether will rise to the top, forming a 
(liHtinct layer, and may be removed by means of a pipette or separating 
Amnel. It Hliould be shaken in this way a few times with water; then 
treated with a little calcium chloride; and, after standing^, poured off 
into a dry flask, and distilled on a water-bath. 

N.B. Never boil ether over a free flame ; and, in ^corking with U, 
always carefully avoid the neighborhood of flames. In boiling it on a 
inater-bath, do not heat the water to boiling. 

Ether is a colorless, mobile liquid of a peculiar odor and 
tiiHte. It boils at 34.9°. (Hence the necessity for the pre- 
cautions mentioned above.) Its specific gravity is 0.736 at 0°. 
(What evidence have you had that it is lighter than water?) 
It is very inflammable. 

Expcrimont 11. Put a few cubic centimetres of ether in a sma]l 
evaporating dish, and apply a flame. 

When its vapor is mixed with air, the mixture is extremely 
explosive. Ether is somewhat soluble in water, and water is 
also somewhat, though less, soluble in ether ; so that whien the 
two arc shaken together the volume of the ether becomes 
smaller, even thougli every precaution is taken to avoid evapor- 
ation. Ether mixes with alcohol in all proportions. It is a 
good solvent for resins, fats, alkaloids, and many other classes 
of carbon conqwunds. 

It is an excellent anaesthetic, and is used extensively in this 
capacity. In consequence of its rapid evaporation, it is used 
to produce cold, as in the manufacture of ice. So, also, when 
brought against the skin in the form of spray, the cold produced 
is BO great as to cause insensibility. 

Kxperiment 12. In a thin glass test-tube put 5^ water. Introduce 
the tube into a small beaker containing some ether. Force air through 
tlie ether by means of a bellows. The water will be frozen. 

Chemical conduct of ether. If we were dependent upon the 
decompositions and general reactions of ether for our knowledge 
of its structure, we would be left in grave doubt as to the rcla- 
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tions existing between it and alcohol. Its decompositions are 
mostly deep-seated, and not easily explained. Fortunately, as 
we have seen, its synthesis from sodium ethylate, CaH^ONa, and 
iodo-ethane, C2H5I, leaves us in no doubt regarding its structure. 
The simplest decompositions are these : — 

Heated with water and a small quantity of sulphuric acid to 
150°, it is converted into alcohol : — 

^'JI'>0 + ^>0 = 2C2H5OH. 

C2XI5. H 

Treated with hydriodic acid at a low temperature, alcohol 
and iodo-ethane are formed : — 

^'JI' > O + ^ = CjH,OH + C2H.I. 

Mixed ethers. — Just as ordinary or ethyl alcohol 3 ields 
ethyl ether, so methyl alcohol yields methyl ether, (CH3)20. 
By modifying the method, a mixed ether, methyl-ethyl ether, 

> O, may be obtained. This is formed by treating sodium 



CjII, 



methylate with iodo-ethane, or by treating sodium ethylate with 
iodo-methane : — 

CHaONa + CjHjI = ^^» > O + Nal ; 

CH3 

CsH^ONa + CH3I = ^'^' > O + NaT. 

It is formed also by distilling methyl alcohol with ethyl-sul- 
phuric acid, or ethyl alcohol with methyl-sulphuric acid : — 

^S^ >0 + ^^« >S04 = ^'^'>0 + H2SO4; 

C^5 ^O ^ CH3 ^ ^^^ ^ ^'^' ^^ "*■ ^'^^*' 

Methyl ether and methyl-ethyl ether are very similar to ordinary 
ether. 
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3. Aldehydes. 

It has been stated above that when methyl and ethyl alcohols 
are oxidized, they are converted into acids having the foi*mulas 
CH2O2 and C2II4O2, respectively. By proper precautions, prod- 
ucts can be obtained intermediate between ' the alcohols and 
acids, and differing from them in composition in that they 
contain two atoms of hydrogen less than the corresponding 
alcohols. These products * are called aldehydes, from alcohol 
dehydrogenatum, from the fact that they must be regarded as 
alcohols from which hydrogen has been abstracted. The rela- 
tions in composition between the hydrocarbons, alcohols, and 
aldehydes are shown by these formulas : — 



Hydrocarbons. 


Alcohols. 


Aldehydes 


CH4 


CH,0 


CH2O 


C2HQ 


CoHgO 


C2H4O 


etc. 


etc. 


etc. 



Methyl aldehyde, formic aldehyde, CH2O. — This is 

made by gentle oxidation of methyl alcohol, as by passing the 
vapor of the alcohol with air over a heated platinum spiral. It 
is a very volatile liquid, which, up to the present, has not been 
prepared in pure condition. 

In order to gain a clear insight into the nature of the alde- 
hydes, it will bo best to study the best-known representative of 
the class, which is ethyl aldehyde. 

Ethyl aldehyde, acetic aldehyde, C2H4O. — The name 

ethyl aldehyde is intended to recall the connection between the 
substance and ethyl alcohol ; while the name acetic aldehyde is 
given to it because, by further oxidation, it is converted into 
acetic acid. The latter is perhaps the better name, as the alde- 
hvde reallv does not contain ethvl, CJL, as is evident from its 
molecular formula. 
Acetic aJdebydc i& formed whenever »\cio\io\ \s. \sto\\:^\» m 
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contact with an oxidizing mixture; uh, for example, jiotiiBsium 
bichruinat*: and dilute stilphurii; acid, 

Kxperlmunt 13. IHssolvc n llttlp potasBinm hichromale In water, 
and ailil solplnirli: acid. Now add a few iMibic centlnii'trcs of alco- 
hol, and notice thu oJor^wIiich is that of alduliyde. Kotice, also, 
till- cliaiige of color of tliu solntion, sliowing Uie reduction of tbe 
chromate. 

Aa aldehyde is a very volatile liquid, it is difflpult to collect it. 
In preparing it, it in therefore better to pass it into some liquid 
which will absorb it, and then iift<;rward8 separate it by boine 
appropriate method. A good method is tliat described below. 

Experiment 14. Ai-raDge an apparatus an Hliown in Fig. T. Fnt 
I2(K granulated potassium bleliroinate In tbe flask A, which must havu 
a capacity of il to 3 iitrts. Maliu a mlitiire of 1G0= couecntratod sul- 




pnnrlc acid, 4Sfw water, and 12(W alcohol. Cool the mixture down to 
the ordinary teraperatnre. and theu pour U singly tht<ju,ij,l\ tlw. ^imOTtV- 
tobe B into the flask contaiatog ttiu v^Xa&aSiaa Xiviws'nns&K.- "Vc* 
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flask should stand on a water-bath containing cold water. The cylin- 
ders C and D are about half filled with ordinary ether, each one con- 
taining about 200<^<= ether, and placed in the large vessel -F, which 
contains ice water. 

Usually, when the alcohol, water, and sulphuric acid are poured upon 
the bichromate, the action begins without application of heat. At times 
it takes place rai)i(lly, so that the liquid should always be added slowly. 
The aldehyde which is thus formed, together with some alcohol and 
water vapor, passes into the condenser-tube, where the greater part of 
the alcohol and water is condensed and returned to the flask, while 
the aldehyde, being mucli more volatile, passes into the ether and is 
there absorbed. After tlie action is over, the distilling vessel aud con- 
denser are removed, and, at E^ connection is made ^vith an apparatus 
furnishing dry ammonia gas. The gas is passed into the cold ethereal 
solution of aldehyde to the point of saturation. A beautifhlly crystal- 
lized compound of aldehyde and ammonia, known as aldehyde-ammonia, 
is deposited. The ether is poured off", and the crystals placed on filter- 
paper. They gradually undergo change in the air, becoming yellow, 
and acquiring a j)eculiar odor. If the crystals are placed in a flask and 
treated with dilute sulphuric acid, pure aldehyde passes over, and may 
be condensed by ice-cold water. 

Ill the process of purification of ordinary alcohol it is filtered 
through charcoal. It is thus partly oxidized to aldehyde ; and, 
when it is afterwards distilled, the first portions which pass 
over contain aldehyde, which is obtained on the large scale by 
repeated distillation of these " first runnings." 

Aldehyde is a colorless liquid, boiling at 21°. It mixes with 
water and alcohol in all proportions. Its odor is marked and 
characteristic. 

From the chemical stand-point, the most characteristic prop- 
erty of aldehyde is its power to unite directly with other sub- 
stances. It unites with oxygen to form acetic acid; with 
hydrogen to form alcohol ; with ammonia to form aldehyde- 
ammonia, C2H4O.NH3; with hydrocyanic acid to form alde- 
hyde hydrocy ankle, C2II4O.HCN ; with the acid sulphites of 
the alkalies forming compounds represented by the formulas 
CaHiO.HKSOs and CoIl40.IINaS03 ; and with other substances. 
Indeed, if left to itself, it readily cbangca m\Ai \)oV3xaaY\a tsm^^- 
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licationH, uDitiog with itself to fucni more complux bodies, 
panddehyde and inetaltlehijde.. 

Faraldehyde, ObHuO,. — Tliia is tbrmetl by addiug a few 
drups of uuiK^euti'aLed ttulphuric acid lo aldehyde, which cuuaeB 
the liquid tn hiioome hot. On cooling to 0°, thu paraldch_vda 
solidifies iu ciyBtalliDs form. It mtjlts at 10.5°. It dissolves 
iu eight times its own volume of water. Boils at 124°. When 
distilled with dilute sulphuric ai;id, hydrochloric acid, etc., it is 
converted into aldehyde. The specific gravity of its vapor has 
been foimd to l>e 4.583. This leads to the molecular weight 
132.4, and consequently to the formula CaHaOa. It is called a 
polymeric modifiuatiou of aldehyde. The cause of the [jeciiliar 
Jiction, aud the Btructure of the product are not kuowu. 

Metaldehyde, CC.,H,0).. — Metaldehyde is formed in much 

the same way as pariiUlehyde, only a low temperature (below 
0") is most favorable for its formation. It crystallizes in needles, 
which are insoluble in water, and but slightly soluble in alcohol, 
chloroform, and ether in the cold, though more readily at a 
slightly elevated temperature. Wlien heated to 120° in a sealed 
lube, it is converted into aldehyde. Hence its vajwr density 
cannot be determiued, and its molecular weight is unknown. 
It has tbo same composition as aldehyde and paraldehyde, 
1ml it is probably more complex than tbe lafter ; that is, its 
molecule is probably made up of a larger number than thi-ee 
molecules of aldehyde. Distilled with dilute sulphuric acid, 
etc., it is easily converted iuto ahk-hyde. 

Ill consequence of the tendency of aldehyde to unite with 
oxygen, it is a strong retiiicing agent. When added to an 
ammoniacal solution of silver nitrate, metallic silver is dejiosited 
on the walls of the vessel in the form of a brilliant mirror. 

Experiment in. To a. weak aqueous solittioQ of nlilehjde, or of 
oldchyJc-aminotila, in a tcst-tuhc, add a few drops ol ammonia and q( 
a Bolntion of silver nitrate. Warm govi'CVs , mmI, "jOwa-a "Cos, ijs^si'fi*. sc 
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the walls of the tube begins to appear, stop heating. A brilliant mirror 
of metallic silver will appear. This method is used in the manafac- 
ture of mirrors. What becomes of the aldehyde? 

Chemical transformations of aldehyde. As aldehyde is pro- 
duced from alcohol by oxidation, so alcohol can be formed 
from aldehyde by reduction : — 

C JlgO + O = CaH.O + H2O ; 

C2H4O + H,, = CoHgO. 

By oxidation aldehyde is converted into an acid of the formula 
C2H4O2, which is acetic acid ; and, by reduction, acetic acid is 
converted into aldehyde : — 

C2H4O + O = C2H A ; 

C2HA + H2 = C2H4O + HjjO. 

Treated with phosphorus pentachloride, aldehyde yields ethyU 
idene chloride^ C2II4CI2 (which see). This reaction is of special 
interest and importance, as it helps us to understand the relation. 
between aldehyde and alcohol. Alcohol, as has been shown, 
is the hydroxide of ethyl, 02115.011. When oxidized it loses 
two atoms of hydrogen. Is the h^di'ogen of the hydroxy 1 
one of tlie two which are given off? If so, what readjustment 
of the oxygen takes place? Such are the questions which we 
have a right to ask. 

To understand the action of phosphorus pentachloride on 
aldehyde, it will be necessary to consider briefly the action of 
this reagent in general upon compounds containing oxygen. 
When it is brought in contact with water, the first change is 
represented by the equation 

H,0 + rCl5 = POCI3 + 2 HCl. 

Next, the oxichloride, POClg, is acted upon thus : — 

3 II2O + POCI3 = PC (011)3 + 3 HCl. 

Or, expressing both changes in one equation, we have : — 

4 HP 4- PCI5 = P0(011)3^ b^CV 



ALDEHYDE. 



fil 



Tlie [ihosphorus pentachloridc gives ap its chlorine aud takes 
up oxygi'u, or oxygen and bydi'ogen, iti its place, Tliia is tlii; 
general tendency of tbc clilurides of phosphorue. 

Now, when a chloride of phospiionis is hrouglit together Trith 
an alcohol, the oxygen is replaced liy chlorine, two atoms of 
the lutter for one of tlie former, thus : — 

C^IIa-OH + PCI, = CjHjCl.ClH + POCI3. 

But as hydroxj'l, — O — H, ie univalent, its place cannot be 
taken by two atoms of chlorine and one of hydrogen, and the 
two chlorine atoms have not the power of linking the hydrc^en 
to tJie ethyl. Hydrochloric acid is given off, and a compound ifi 
formed, which may be regarded as aleoliol in whicli one chlorine 
atom takes the place of the hydroxy!. This is the kind of 
action wliich takes place wlienever a chloride of phosphorus acts 
upon a compound containing hydroxyl ; and we hence make use 
of the reaction for determining wfietker hydi-oxyl is or is 7iot 
present in a compound. 

When aldehyde is treated with phosphorus pentachloridc, the 
action is entirely different from that just described. Instead of 
a bydi'ogen and an oxygen atom being replaced liy one chlo- 
rine, the oxygen atom alone is replaced by two chlorine atoms: — 

CjH.O + PCI, = CjH^Cl, + POCl,,. 

If the explanation ubove offerexl of the action of phosphorus 
pentachloi'ide on alcohol is correct, it follows that aldehyde is 
not a hydroxyl compound. We can readily understand why the 
oxygen atom should be replaced by two chlorine atoms, if it 
is in (combination only with carbon as in carbon monoxide, CO. 
There is an essential difference between this kind of combina- 
tion and that wiiich we have in hydroxyl as C — — H. In 
tlie lattiir condition tlie oxygen serves to connect carbon with 
hydrogen ; in the former it ia in combination only with the 
carbon, and, presunialjly, the force wliieh liolda it can also hold 
two atoms of chlorine or of auy O&m vvnwviLe'uS. ^vukssmctJi. -^^Sk 
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which it can unite. So that, if oxygen be in a oompoand in 
the carlxiij iiiouoxide condition, we would expect it to be re- 
placed l>y tw<j atoms of i-hlorine when the compound is treated 
with phosphorus i>entachloride. Let R .CO represent an v such 
comixiund"; then we would have : — 

RCO -h PCI, = R.CCL + POCI3; 

while, when oxygen is present in the hydroxyl condition, we 
have : — 

R.C - O - H + PC'U = R.CCl + POCl, + HCl. 

Just as the latter reaction is used to detect the presence of 
hydroxyl oxygen, so the former is used to detect oxygen in the 
other condition, which is commonly known as the carbonyl con- 
dition. 

In terms of the valence hypothesis, it is said that in the 
hydroxyl compounds oxygen is in combination with carbon with 
one of its affinities, and with hydrogen with the other, while in 
the carbonyl compounds it is in combination with carbon with 
both its affinities as represented thus, C= O. 

According to the above reasoning aldehyde is a carbonyl 
compound, or it contains the group CO. The simplest alde- 
hyde must therefore be represented bv the formula HjC = O. 

II 
Its homologue, acetic aldehyde, is CH^.C — H. The peculiar prop- 
erties of aldehyde; are believed to be due to the presence of this 



II 
group, (' — II, whi(;li is called the aldehyde group. We do not 

know that the double line in the formula conveys any correct 

u\v.ii m regard to the relation between the carbon and oSiygen. 

All that w(; know is that these two elements do occur in two 

different relalionH to each other, and the formulas C — O — H 

and (' - - () n-cnll these relations. They are expressions of facts 

eHtahlished by exj)eriuient. Our notions in regard to these 

rehi lions an^ largcjly depcjndent wpow Wvc T^a.c\AO\\«. V\>i}cv '^Jsifc 

' /fj/'/W/'M of' jfhnHj)h<}riiH referred to a\)ovc. 



Chloral, trichloraldehyde, OCI3.CHO. — When chlorine 
acts directly iiiiou aldeliydc, complieatcd reactioiia tnJte place 
which need not be considered here. If, however, water aud 
calcium Cftrliouate are present, Bubstitiitiou takes place, and 
triehloi-oMeh/de is formed. When alcohol ia treated witii 
chlorine, a double action takes place : 1st. TJic alcolml ia 
changed to aldehyde tlius ; — 

CHa-CHjOH -1- Clj = CH3.COH + 2 HCl. 

Then the chlorine acta npon the aldehyde, replacing the tlu'ee 
hydrogens of the methyl, forming trichloraldehyde : — 

CHb.COH -(- 6 CI = CClj-COH -f 3 HCl. 

In reality the aldehyde first formed acta upon the .alcohol, 
forming an intermediate prodnct which is acted upon by the 
chlorine. The chlorine prodnct thus formed hreaks up, forming 
chloral. The essential features of the reaction, however, arc 
stated in tlie above equations. Trichloraldehyde is the sub- 
Btanoe commonly known as chloral. It is simply the tri-chlo- 
rine substitution prodnct of aldehyde. It has all the general 
properties of aldehyde, and the conclusion is therefore justified 


that it contains the aldehyde group — CH. 

Chloral is a colorless liquid, which boils at 9i°. and has the 
Bijeciflc gravity 1.5. 

Note for Student. — GIvd the Inrmulas of tompouiuis formed 
when clilorsil Is brought togctlicr witli ammonia, lijdrocjanic add, and 
the sciil sulphites of the alknlies. What Is the formula of the acid 
formed by its oxidation? Tlie answer la given In tlic statement that 
tlie general chemical conduct of chloral isths sameas thatof aldeliyde. 

When chloral and water are brought together, they imite to 
form a crj'stallized compound, cklonil hydrate, CaHCljO + H,0, 
which is easily soluble in water, and cryatallizea (Vom the sohi' 
tiOD ill beautiful, colorless, monocUidc i^ivsma. \'t to.'^\S* ^^iK - 



'ii.Ki-z, '.:r.^r: — "■.— - .i ::■:- I.'. ;•>->- h produces sleep. 
Wi.f-:, *:.■--->■! -s.'.^ '..<..'... ilir-j.! aiL»i chloral bvdratie 

I »r » ■ «/fc. *.•• "."7. ...-i ....... . _ .._ .& _ . .A.. _ Ai. fc'.i ■ ^^^ 

re: /-• -H - K' -II = MR- - KCIIO*. 



■» — ._*-- 



This r-ra'-'iioL. :;■.!-:•.-- :■ c-:*.:--.-: ■^^^'L'- :1-.'5* wLieh give chloral 
fiYirn ako:^^.!, -:.•- Ir- > :v .1:1 1-:r-''.A:.i :Lc reaction which is 
iijjf'l in UitxW.i.ji <':.\-.'Z- i r.:. r-.L 1 ;.'i:f». n:!- 

No'ii: >'/i'. >::':•.> T. — il ■ v > .11 r.f.-r^i na.ie? How maj the 
rn r: t h o'J Jif; 'rx ; la'. :. -.- ! r Xi^- "v v r ".L ^ -an-.- . u-.-^:: >as for iodoform. The 
bU:ar:hlii;r po-.v-iv-r :•?•.- 1 ::. ]^r'.-:.a::L^ '.Lli-rjf.r::: f'jmi^hes chlorine. Is 

an ulkuli pn:-?'.-!,:? 

4. A'iii'5. 

AVlieii iijftlivl aij'l (:tli\l iilc-«.»h«'i< are oxidized, they are con- 
v(?rt<-rl rir.«t into iildciiv^k--. :i:.l tlieii the aldehydes take up 
oxvjf*'ii aii'l iin,' coiiv*.*rt»-«l v.il^j iv:'A>. The relations in eompo- 
hitioii lictwc-i'ii tin; liv<lru<-aiv.Niii??. iiIojIiuIs. aldehvdcs. and acids 
:in; hIjowii in the .subjoined table : — 



r 

lyilro('ar>j<^iiri. 


Aleohol:-. 


-Mivhydrt. 


Adds. 


(;ii4 


CII/) 


til/) 


CH2O, 


i\\h. 


C,II,(> 


CJI4O 


CAO, 


eU;. 


etc. 


etc. 


etc. 



'I Ik* two neids whose fonniilas are lu-n' triveii are the well- 
known KubHtanei'S. fonnh: and nrtflt: nrah. 

Formic acid, CH,0,. — This acid occurs in nature in red 
luitM, in stinji;in;; nctth*s. in the shoots of some of the varieties 
:»f pine, and elsewhere. 

It may b(t prepared by clistillinj^ red ants, but is l)ost prepared 
by hcatin^r oxalirr :icid with ^rlyeevUv. Oxalle iieiil has the 
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compoflition represented by the formula CjH^O,. Wlien lieatect 
in glycerin, tlie effect is to break it up into carbon diosTde and 
formic acid ; — 

c^Hp. = CO, + cir^Oa- 

The formic acid distils over, and may be condeuBed. 

Kxperlmont, 13. Into ti flask of 600 to GOO" capacity pat 200 to 
300" ftiihydrous glycerin, nnd then add 30 to 40* crystallized oxalic 
acid. CoDiiGct the flask with a condenHcr, aud insert a thennumcter 
tbrougli the cork so that the bulb is below the surface of the glycerin. 
Heat gently. When tlie temperature reaches 73° to 90°, carbon dioxide 
will be given ofT. Dilute formic acid then distils over. When the 
evolution of carbon dioxide stops, add another portion of crystallized 
oialic acid, and beat again. This operation may be repeated a num- 
ber of times withont renewing tlie glycerin; Irat, when ahont 100« of 
oxalic acid have been decomposed, euongli formic acid for the purpose 
will hare been formed. Dilute the distillate to about lialf a litre, and, 
while gently warming it in an evaporating dish, add freshly precipi- 
tated Hud washed copper oxide in small quantities until no more is 
dissolved. Then Alter, and evaporate the solution to crystallization. 
Tbe tjeautimily crystallized salt thus obtained Is copper formate. 

The formation of fonnic acid by oxidation of metliyl alcohol, 
and by treatment of chloral with an alkali, has already been 
mentioned. The following methods are of special interest : — 

(1) By the action of carbon tnonosiile upon potasaium hy- 
dro.tide ; — 

CO + KOII = H .CO,K. 

This method may be used for the preparation of formic aci<l on 
the large scale. Sotla-lime acts aa well as potaasinm Jiydroside. 

(2) By the aetion of metallic potassium mwu moist carbon 
dioxide (carlwuic acid) : — 

2COo + K. + luj = iiayi + nc'o,,K, 

or 2CO^ir, + K. = HC(XK + HCOaK + II^O. 
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(3) By treatment of a solution of ammonium carbonate witli 
sodium amalgam : — 

CO3(NH02 + 2 H = HCOaCNHO + HaO + NH,, 
and HC02(NH4) + NaOH = HCOjNa + NHj + H,0. 

According to these last two methods formic acid appears as a 
reduction product of carbonic acid formed by the abstraction of 
one atom of oxygen : — 

H2CO3 = H2CO2 + O. 

It is extremely important to bear this fact in mind, as it is of 
great assistance in enabling us to undei*stand the relation exist- 
ing between the two acids, and between them and all other acids 
of carbon. It will be shown that all the acids of carbon may 
be regarded as derivatives of either formic acid or carbonic 
acid. 

(4) When hydrocyanic acid is left in the presence of an acid 
or an alkali, it breaks up, forming ammonia and formic acid. 
The reaction may be represented thus : — 

HCN + 2 H2O = H2CO2 + NH3. 

Of course, if an acid is present, the ammonium salt of the acid is 
formed ; and, if an alkali is present, the formate of this alkali is 
formed. A redciion similar to this is used vei-y extensively in tlie 
jfrepuration of the acids of carbon^ as will be shown. 

Anhydrous formic acid may be made by dehydrating either 
the copper or lead salt, and passing dry hydrogen sulphide over 
the salt placed in a heated tube. The acid distils over, and 
may be obtained perfectly pure by placing a little of tlie anhy- 
drous salt ill it and redistilling. 

It is a colorless liquid wiiicli boils at 99.9°. It has a pene- 
trating odor. Droi)ped on the skin, it causes extreme pain and 
produces blisters. Its specific gravity at 0° is 1.22. When 
cooled down it solidifies to a mass of crystals which melt at 8.6**. 
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Concentrated sulphuric acid dcconiiioaes it into carbon mon- 
oxide and watLT : — 

HjCOj = CO + HoO. 

It is easily oxidized to carbonic acid. Hence it acts as a 
reducing agent. Heated with the oxides of mevcurj- or silver, 
they ave reduced to the metallic condition : — 

HgO + HjCOj = Hg + HjO + CO,. 

Like other acids, formic acid yields a lai^e iiuinber of salts with 
bases, and ethereal salts or compound ethers with the alcohols. 
These derivatives need not be considered here. The salts are 
all soluble in water, and some of them, as the lead, copper, and 
barium salts, crystallize very well. Some of the componnd 
ethers will be mentioned when these substances are considered 
as a class. 

Acetic acid, dHiO, The two methods by which acetic 

acid is exclusively made are, — 

(1) By the oxidation of alcohol ; and 

{i) By the distillation of wood. 

Wlien pure alcohol is exposed to the air it undeigoea no 
change. If, however, some platinum black be placed in it, 
oxidation takes place and acetic acid is fonned. So also if 
fermented liquors which contain nitrogenous substances be 
exposed to the air, oxidation takes jilace, and the liquor heeomea 
sour in consequence of the formation of acetjc acid. A great 
deal of acetic acid ia made by exiwsing [xjor wine to the action 
of the air. The product is known as wt'jie vhiegar. The for- 
mation of vinegar has bceu shown to be due to the presence of 
a microBcnpic organism {Mycodemia aceti) commonly known aa 
" mother-of- vinegar." This serves in some way to couvey the 
oxygen IVom the air to the alcohol. The "quick-vinegar 
process," much used in the manufacture of vincgnr, consists in 
allowing weak spirits of wine to ^i^a s\o'«\'3 ■Omw^Nws^* 
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filled witli beech shavings which have become covered with 
Mycoderma aceti. The presence of the organism is secured by 
fn*st pouring strong vinegar into the barrels, and allowing it to 
stand for one or two days in contact with the shavings. 

When wood is distilled, a very complex mixlxire passes over, 
one of the constituents being acetic acid. By keeping the tem- 
peratures down comparatively low, the amount of acetic acid 
obtained is increased. The distillate is neutralized with soda 
asli, and the solution of crude sodium acetate thas obtained 
evaporated to dryness. It is then treated with sulphuric acid 9 
and distilled, when acetic acid passes over. 

IkisidoH the two methods mentioned, there are two others 
which may be used for making acetic acid. One of them is a 
modification of a method referred to under formic acid, and, 
from the scientific stand-point, both are of great interest. 
They are, — 

(1) By treating carbon dioxide with a compound known 
as Hodium-meihyl^ which may be regarded as marsh gas, in 
which one hydrogen is replaced by sodium as shown in the 
formula CII^Na. 

CO2 + CIIaNa = CH3.C0,Na. 

(2) By treating methyl cyanide, CH3CN, with an acid or an 

alk'tli ' ~~^ 

(;ir,( N + 2 ILO = CTI3.CO2H + NHg. 

This rctiction is analogous to that involved in the formation 
of fonifu^ Mcid from hydrocyanic acid (see p. 5G). 

Whctlu^r the acid is made from alcohol or from wood, it must 
be i)urified. For this purpose it is passed through charcoal and 
distilled. It still contains water, from which it cannot be 
comi)letely sei)arated by distillation. AVhen cooled down to a 
sufiiciently low temperature it solidifies, and the water ma^' 
then partly be poured oil*. By repeating the freezing, and 
distilling a few times, perfectly pure, anhydmus acetic acid 
may be obtained. 
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Kxperlment 17. Make pure acetic aciil from the cammercial aab- 
Btauce. First (Ustll lu fractious until a portion is obtahicil tbat boOs 
butwcou UO" and 119'. I'ut the vessel containiug this in ico. The 
liquid will solidify almost completely. Poui' ofl the little liquid which 
rcmalcs, and distil. 

Acetic acid is a clear, colorless liquid, which boils at 119°. 
It liaa a very penetrating, pleasant, aeid odor, aud a sharp acid 
taste. The pure substance acts upon the akin like formic acid, 
causing pain and raising blisters. It solidilles when cooled down, 
and the crystals melt at 16.7°. The pure acid which is solid at 
temperatures below 1G° is known as gtadal acetic acid. Its speci- 
fic gravity is 1.08 at 0°. It mixes with water iu all proportions. 

Acetic acid is extensively used, chiefly in the dilute, impure 
form known as vinegar. Formic acid would answer perliapa as 
well. It is used iu calico printing in the form of iron and alu- 
minium salts. With iron it gives hydrogen, which is needed in 
the manufacture of certain eompounda used ia making dyes, as, 
for example, aniline. It is an excellent solvent for many 
organic sulmtances, and is therefore frequently used in sci- 
entific researches. 

Derivatives of acetic O/dd. Acetic acid yields a very large 
number of derivatives. They may be considered briefly under 
two heads ; ( 1 ) Those which are f oi-med in consequence of the 
acid properties and which necessitate a loss of tlie acid proper- 
ties, as the salts, etliereal salts, etc. ; aud (2) those in which 
the acid properties remain unchanged. 

Salts of acelic acid. The acetates of the alkalies were the 
first compounds of carbon ever prepared. The potaasiitm and 
Kodiuni salts are used in the chemical laboratory. Both crystal- 
lize, the sodium salt particularly well and easily. 

Lead acetate, (OalljOajsPb. Tliis salt, which is commonly 
known as sugar of tend, is made on tlie large scale by dissolv- 
ing lead oxide in acetic acid. It crystallizes well, and is solu- 
lile ill 1.5 parts of water at ordinary ttirnvtevatutfe*. 
ciul eugar of lead frequently uontama soi fc^ca** iA\«.aa. ' 
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the form of basic saltH. A solution of such a mixture becomes 
tur})id when allowed to stand in the air, or gives a precipitate 
when diHHolved in ordinary spring water, in conseqnenco of the 
formation of lead carbonate. 

Co2)2)er acetate^ (C2lIyOjj)2Cu. This salt may be mode by 
dissolving copper hydroxide or carbonate in acetic acid. It 
crystallizes in dark-blue, transparent prisms. A haaic acetate^ 
formed ])y the action of acetic acid on copper in the air, is 
known as venlvjna. 

Copper aceto-arsenitCy 3 CUAS2O4 + (€211302)200. This double 
salt is formed by boiling verdigris and arsenic trioxide together 
in water. It has a fine bright-green color, and is used as a 
coloring matter. It is the chief constituent of emerald green, 
or Schweinfurt's green. 

Iron forms two distinct salts with acetic acid, the ferrous 
salt, (C.jll;iO.).F(i + 4 II2O, and the fen^ic salt, (0JI,O,)eFej. 
The latter is formed when sodium acetate is added to an acidi- 
fied solution of a ferric salt. At first the solution becomes 
deep-red in color ; but, on boiling, all the iron is precipitated 
as a basic salt. Hence this salt is used for the purpose of sep- 
arating iron from manganese in analytical operations. 

Kxporiinont 18. To a lUliite solution of ferric chloride, contained 
ill a Kiimll fiask, add a little sulphuric acid and a solution of sodium 
acetate. JSoil the red solution, and the basic iron salt is precipitated, 
leaving tlio solution colorless. Filter, ami cxamiue the filtrate for Iron. 

The ethereal salts will be mentioned briefly when this class 
of bodies is considered. The principal one is ethyl acetcUe or 
cwefic efher^ which is fonned from acetic acid and ordinary alco- 
liol. AVhen a mixture of these two substances is treated with 
sulphuric acid, the ether is formed and may be recognized by 
its pleasant odor. This fact is taken advantage of for the 
detecrtion of acetic acid. 

Kxporinieiit 19. To a mixture of about equal parts of acetic acid 
and alcohol, in a test-tube, add a little concentrated sulphuric acid, and 
notice the odor. It is that of ethyl acetate ox aeeW^i eXXwiT. 
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^^B»> Aoetio anhydride or aoetyl oxide, CHsOj.— This sub- 
^^Hfttenui;, wbii;li heare to -Awtic auid tliu rclatioa of an anhydride, 
^^Hlis made by abstrocliDg wukT trum tbo acid. 



Like othi^r iuji(\a, acetic acid contains hydroxy!, us will be 



ebown below. IVe may hence represent the acid thus 
C„H,O.OH. The part OgHaO ia known aa lu^etyl. Now when 
wat«r is abstracted from the acid, the change taltea place as rep- 
resented in this equation : — 



CsHjO.OH 1 _ C3H3O ) 



- HjO. 






Hcnci?, according to this, acetic anhydride appears as the oxide 
_o( acetyl, while the acid itself is the hydroxide. 

1 Acetio anhydride is a colorless liquid which boils at 138°. 
pith water it gives acetic acid. 

Acetyl chloride, C^HjOCl. "j Jnst as alcohol, when 
Acetyl bromide, dHjOBr. > treated with phosphorus tri- 
Aoetyl iodide, C^HjOI. ' chloride, yields a chloride of 
ethyl, BO acetic acid, when treated with the aamo reagent, yields 
ityl chloride. The character of the reaction ia the same in 

les. It consists in the replacement of hydroxyl by 
loriue. 

3 C,H,O.0H + PCI3 = 3 C,U,0C1 + P(0H)3. 



Bxpertment 20. Arrange a dry ilintilUiig flask, nitli condenser and 
receiver, under a. hood or out of doors. Bring togL^ther 9 parts 
fiay leo«) Btroug acolic Qcid and G parts (Bay 120B) phosphorus tri- 
chloride. SUgbtly heat the mixture on the water-bath, when acetyl 
chloride will dlatll over. Collect in a dry bottle. 

Acetyl chloride is a colorless liquid which boils at 65°. 
Water acts upon it very readily, acetic and hydrochloric acids 
being foniicd : — 

tyiaOCl + HP = Citt^-OB. -V ^<i^- 
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In this case the chlorine is replaced by hydroxyl. As the sab- 
stance is volatile, it fumes in contact with the air in consequence 
of the formation of hydrochloric acid. It must be kept in 
tightly-stoppered bottles. In handling it, care must be taken 
not to bring it near the nose, as its odor is very suffocating, and 
it attacks the mucous membranes of the eyes and nose, produc- 
ing coughing and other bad results. 

Acetyl chloride is a valuable reagent much used in the exam- 
ination of com[)ounds of carbon. Its value depends upon its 
action towards alcohols. AVhen it is brought together with an 
alcohol, as, for example, methyl alcohol, hydrochloric acid is 
evolved, and the acetyl group takes the place of the hydrogen 
of the alcoholic hydroxyl : — 

CH3.OH + C2II3OCI = CH3.O.C2H3O + HCl. 

The i)roduct is an ethereal salt, methyl acetate. This kind of 
ac;tion tak(!s place whenever an alcohol is treated with acetyl 
chloride. Hence if, on treating a body with acetyl chloride, its 
composition is elianged, showing that hydrogen is replaced by 
acetyl, we are justified in concluding that the body contains 
alcoholic liydroxyl. The bromide and iodide resemble the 
chloride very closely. 

Kxperiinent 21. Treat a few cubic centimetres of absolute alcohol 
with acetyl chloride. Notice the evolution of hydrochloric acid and 
the odor of ethyl acetate. 

*SuhHtitutio7i'2>ro(hcct8 of acetic acid. These bear the same 
relation to acetic acid that the substitution-products of marsh 
gas bear to marsh gas. They are formed by the simple sub- 
stitution of a halogen, etc., for hydrogen. Only three of the 
four hydrogen atoms of acetic acid are capable of direct 
replacement. The fourth is the one to wliich the acid prop- 
erties are due. Hence the substitution-products are acid. The 
l)est known of these products are the chlor-acetic acids which 
/ire juude by treating the acid with. cYAoivYifc,. '^^^l ^i^ 
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o-cMor-acelie, di-c/ilor-acetle, flod tri-cldor- acetic adda. 
Their formation is represeuted by tlie following equations : — 



CjH„O.OII + Clj = CsHjCIO.OH + IICl; 
CiHjClO.OH + Cli = C^ICljO.OH -|- HCl; 
C,HCl,O.OH + CI, = CsClsO.OH + IICl. 



If-Wlien treated with nascent hydrogen thuy are converted 
&ck into acetic acid. They yield salts, ethereal salts, anhy- 
drides, et«., just the same as acetic aeid itself. 

Theun/ in regard to tJie relaiioTis between the adds, akoJtola, 
aldehydnn, and hydrocarbons. The reactions and methods of 
formation of acetic acid enable us to form a clear conception in 
regard to the relation of its constituents. In the Urst place 
the presence of hydroxyl is shown by tlic reaction with phos- 
phorus trichloride. Wo hence have CiHjO.OH as the formula 
representuig this idea. But several questions still remain to be 
answered. There is another oxygen atom t« be accounted for ; 
and the relations between the hydroxyl and this oxygen must 
he detcnnined if i»ssible. The fact that this second oxygen 
is not readily replaced by chlorine indicates that it is not 
present as hydroxyl, and all methods of testing for hydroxyl 
fail to show its presence iu acetyl clUoride. Ilcnce we may 
conclude tliat the second oxygen atom is present as corbouyl 

O 
CO. This leads us to the formula H — C — <) — H for the simplest 
acid, or formic ucid. Accordingly, formic aeid appeare as 
carbonic acid, which we commonly represent by the formula 

O = C ^ 1 in which one hydroxyl has been reduced to hydrogen. 

We have already seen that this reduction can be accomplished 
without ililficulty. Many other arguments might be brought 
forward iu favor of the view that the above formulas express 
the relations between formic and carbonic acids. Now, as 
acetic acid is the homologue o( iotmSd w:\&., ■«& \ia«^ -esiMTs 
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reason to believe that it differs from the latter in that it con- 
tains methyl in place of the hydrogen, which is in direct com- 
bination with ijarbou. It must hence be represented by the 
O 

formula CH3.C-OH or CO ( ^ The common constituent of 

^OH 

O 

II 
the two acids, is the group C — O — II or — CO.OH, which is gener- 
ally known as carboxyL Acetic acid is closely related not only 
to formic but to carbonic acid. It may be regarded as carbonic 

• OH 

acid, CO { 9 in which one hydroxyl is replaced by the radical 

methyl. In a similar way we shall see that all organic acids 
may be regarded as derived either from formic acid or from 
carbonic acid. 

Representing now the simplest hydrocarbon, alcohol, alde- 
hyde, and acid, by the structural formulas deduced from the 
facts, we have 
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hiyl alcohol. 
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Formic 
aldehyde. 



Formic acid. 



Concerning the mechanism of the changes caused by oxida- 
tion, but little can be determined by experiment. We Jtnay 
regard methyl alcohol as the first and simplest product of 
oxidation of marsh gas. Starting with methyl alcohol, we 
might expect the next change to consist in the introduction 

r OH • 

of another oxygen atom, giving a body c \ . But it ap- 

•^H 
pears to be a law that, except under certain peculiar conditions, 
one carbon atom cannot hold two \i>^diox^\a Va. e.C)itG&^\sud^\i.^ 



r 
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lilt, if STioli a bixiy is funiirnl, it loses tlit; eltmeiitB of 



water; thus, Ci^ -^ c \ n + U,0. The result -wonld be the 

In ^n 

jildehyile. Thia kind of tiiunge is illustrated in the foiination 
of carbon dioxide from the salts of parbouic acid. Instead of 
jrclting the aciil CO < , which wu would naturally expect, we 
get tills minus water : — 

co<^^ = cOa + n,o. 

Now, when tlie aldehyde is oxidized, another oxygen atom is 
introduced, uiid the substance thus produced U an acid, or the 
hydroxyl hydrogen can be replaced by metals, and has in general 
the charactevistics of acid hydrogen. As soon as we have car- 
bon in eoiui>imition with oxygen iis Ciirbonjl, and also with 
hydroxy], tiie substiince containing tlie w>nibination is an acid. 

(** 

If, finally, the acid C ! OH be oxidized, it ie probable Hiat the 
UI 
Bame change takes place as when the alcohol is oxidized. That 
is to say, the hydrogen is probably ryplaoed by hydroxyl. when 
a comiH)und containing two hydroxyla m combination with one 
carbon atom would be the result This would be ordinary car- 
bonic acid. But this breaks up nito water and carbon dioxide, 
which, OS we know, are the products of oxidation of formic 
acid. 

AH the many repre8entiti\ cs of the great classes of carbon 
compounds known as the alcohols, aldehydes, and acids are 
closely related to the thrLC fund.imental substances, methyl 
alcohol, formic aldehyde, and formic acid. Replace one of 
the hydrogen atoms of nietliyl alcohol by a radical, and we get a 

r OH 



V alcohol, which may be represented by the formula 
replacement oi a 'U^'S.TO^ftti %Xa«i. 



f H 

C H ■ 
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, C-^ Ii; and, 



aldehyde gives another aldehyde, C ■{ II ; and, finally, as we have 

seen, the acids of carbon may be represented by the formulas 

/O 

C \ on or R.CO.OII, or CO < ^ , which show then- relations to 
^R OH' 

formic and carbonic acids. Hereafter, in writing the formulas 
of members of the three great classes, the structure will be repre- 
sented by writing the hydroxy I group OH, the aldehyde group 
Clio, and the carboxyl group CO. OH or CO2H, separately 
from the rest of the formula. 



5. Ethereal Salts or Compound Ethers. 

Whenever nn acid acts upon an alcohol, the acid is neutralized 
either wholly or partly, and a product analogous to the salts is 
formed. Thus nitric acid and ethyl alcohol give ethyl nitrate : — 

C2H5 .OH + HNO3 = C2H5.NO3 4- HjO, 

just as nitiic acid and potassium hydroxide give potassium 
nitrate. It has been pointed out that the radicals, methyl, CH3, 
and ethyl, 0211.5, take the part of metals in the ethereal salts. 
We mav thus get a series of methvl and ethvl salts with the 
various acids. 

As regards the preparation of these compounds, it should be 
remarked that the action ])etw^en an alcohol and an acid does 
not take place as readily as that between an acid and a metallic 
hydroxide. Only a few of the strongest acids act directly 
without aid. Such, for example, are nitric and sulphuric acids, 
though even the latter is not completely neutralized by action 

upon alcohols, as has already been seen in the preparation of 

C H- 
ethyl-sulphiiric acid, '^ J* > SO^, for the purpose of making ether. 

Plainly ethyl-suli)huric acid is an acid ethereal salt, analogous 
to acid i)otassium sulphate. Both are still acid, though both 
nru yjkcwise salts. 
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The metliodH wbich may bo used for prepariug ctbercal ealta 
are the following : — 

(1) Treatment of an acid witli an alcohol. Tliis is capnhh> 
of only very limited nji plication, as in the case of a few of thu 
strongest acids. 

(2) Treatment of the oliloride of an acid with alcohol. This 
has been illusti'ated by the action of acetyl chloride, CjHjO.Cl, 
upon methyl alcohol (see p. G'2) : — 

CJI3OCI + HO.CH3 = CaHaO.OCHa + HCl, 
or CH^.COCl + HO.CII,, - Cn:,.COOCIIa + HCl. 

(3) Treatment of the silver salt of an acid with a halogen 
snbstitiitlon-product of a hydrocarbon. For example, eOijl 
acetate miiy he made Ity treating silver acetate with brom- 



^^K^i 



CH:,.COOAg + CjUnBr = CII.COOC'JI^ + AgBr. 



ition is well adapted to showing the relation between 
the salt and the ethereal salt, and leaves no room for douht that 
tlie two are strictly analogous. 

(4) Treatment of a mixtiire of an alcohol and an acid with 
dry hydrochloric acid gas or strong sulphuric acid. The forma- 
tion of ethyl acetate by this metlioil was illuatrateil in Experi- 
ment 19, p. 60. The sulphuric acid facilitates the action by 
uniting with the alcohol to form ethyl-sulphuric acid, which with 
the acid gives the ethereal salt : — 

*^'JJ*>SO, + ClI,.COOH = CHj.COOCjHs + H«SO.. 

action of the hydrochloric acid is not uoderetood. It is 
possible tJiat it acta ii|»>n the acida forming the chloride, and 
that this then acts u|M>n the alcohol, forming the ethereal 



cn^.coon + iici 

CH3.COCI + CjHpH = 



cn.i.coci +n/); 
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Among the more important ethereal salts of methyl and ethyl 
alcohols, the following may be mentioned : — 

Methyl-sulphuric acid, 2^>S04, formed by mixing 

methyl alcohol and sulphuric acid. The acid itself, as well as 
its salts, is very easily soluble in water. 

Ethyl nitrate, CgH^NOg, formed by treating alcohol with 
nitric acid. Unless precautions are taken in- mixing these 
reagents, complete decomposition of the alcohol will take place, 
and the action will be accompanied by a violent explosion. 

Ethyl-sulphuric acid, ^'^^>S04. Made in the same way 

as the methyl compound. The acid and its salts are easily sol- 
uble in water. When boiled with water it is decomposed, 
yielding alcohol and sulphuric acid : — 

C2H5 ^ gQ^ ^ ^^^ ^ jj^g()^ _^ C2H5OH. 

Ethyl sujphate, (C2H5)2S04, is made by passing the vapor 
of sulphur trioxide into well-cooled ether : — 

(02X15)20 + SO3 = {C,l{,)SO,. 

Phosphoric acid yields ethyl phospJiatCj (C2H5)3P04, di-ethyl-phoa^ 
2)horw acid, (€2115)2111*04, and ethyl-phosphoric add, C2H5H2PO4. 

There also are similar derivatives of arsenic, boric, silicic, and 
otlier mineral acids. 

Of tlie ethereal salts wliich the two alcoliols form with formic 
and acetic acids, viethyl and ethyl acetates are the best known. 
The methods of preparing thcni have already been considered. 
Tliey are t)Oth liquids having pheasant odors. This is indeed a 
characteristic of many of the vohitile ethereal salts of the acids 
of carl)on, and many of the odors of fruits and flowers arc due 
to the proHonrc of one r)r another of t\\e»e co\\\\vovmv\«.. Maiiy 



SAPONIFICATION. 



of theui also are used for flin'oriiig piirimtioa 
Diitural BiibetAnccs. 



Experiment 22. Make a mixture of 15 ptirts (160<) of ordinarj 
concentrated sulphuric acid niid 6 parts (fiOi) absolute alcoliol. Add 
to Jt 10 parts (lOOB) sodium ncetate. Distil froiu a flask. Redistil 
the distillate. The ethyl acetate thus formed boils at 77°. What 
reactions take place in tills case? 

Decompomlion of etMreal saUn. Salts of moHt metals are 
decomposed when treated with aa alkaline hydixixide, as oaaBtic 
soda or cauetic ^)otaah, tbe result being a salt of the alkali and 
the hydroxide of the replaceti loetat, as seen in the case of 
copper sulphate and sodium hydroxide : — 

CuSO^ + 2 NaOH - Cii(OH)2 + Na^SO,. 
So also the ethereal salts are decomposed when treated with the 
alkalies, though, as a rule, not as readily as salts. It is usually 
necessary to l>oil the ethereal salt with the alkali when decom- 
position takes place, the radical, like the metal, appearing in 
the form of the hydroxide or alcohol, uod the alkali metal taking 
its place. Thus, when ethyl sulphate is treated with a solution 
of caustic (votash, this reaction takes place : — 

(C,Us),SO. + 2X0H = KjSO, + 2C,H,.0H; 
and when ethyl acetate is treated with caustic soda, we have this 
reaction ; — 

CHj.CO(JCJIj + NaOn = C'H,.COONa + CJIjOn. 

Experiment 23. In a SOO" flask put 200^ water, SO" nollii 
caaatlc potasli, and 20» ethyl acetate. Connect with an inverted cod- 
donaer, arranged as shown In Fig. 8. Boll gently for half au liour. 
Now connect tint conilunstr with the flask for distilling, and again bolL 
Examine Hie (Kstlllato for alcohol. Acidify tlie contents of the flask 
nitli salpluirlc ai'id. aud again illstil. What passes over? 

All etbert'iil salta are decomposed by boiling with the cauBtic 
alkalioH. As this dceom]»osition is best known on tlic large scale 
in the preparation of soaps, it is coramoHlj cnUsd 8o,T)imiii*»tv«>- 



bTO 
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I Ab will be bIiowu, the fnts ore etlierenl salts, and soap-mokiaf 
Kcousists in (lecoiiii>o8iug these fats bj menne ut the alkaliefl 
[ fleiice. generally, to naponifn any ethereal salt meaua to decum 
[ {K>Be it by means of au alkali iutu the eorresiximliug alcohol a, 
\ the alkali salt ot the acid contuliied iu it. 




C. KETfiNES Oil AOKTONKS. 

When an acetate is distilled, a liquid pasHes over which ha^ 
I Scm com]K.)sition CsHjO, and a carbtmate reinaitis tietiind. 
reaction has been enrefidly studied, and has lieen shown to ti 
place iu accordance with the following equatiou : — 

B Bnhstance CaHgO \n known aa acelnn-p. It is 

representative ut a class of bodies whicli are sntnetunQ) 
I '(jailed ucelonen, but inure commonly Icetaiiea. 




Acetone, CjH.O. — This substance has lonf; boon known f 
L & prodnct of the distillation of acclntes, as above otatetl. 
\^pOala'i7wd ill largo quantities in tbe ptudvitV o\>\&\w!A In t 
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distillation of Tood, and may lio separated from tlie mixlurc 
after the removal of the acetic acid. 

It may be purified by shaking a mixture containing it with a 
concentrated solution of mono-sodium sulphite. It unites witli 
the salt, forming a compound analc^oua to that formed with 
aldehyde. The double ooiniKmud may he separated, and when 
distilled with the addition of [»tassiimi carbonate acetone passes 
over. 

Acetone is a colorless liquid having a penetrating pleasant 
ethereal odor. It boils at 50.3°. It is a gootl solvent for many 
carbon comjxxmds, snch as resins, fats, etc. 

On studying the conduct of acetone, it soon becomes evident 
that it more closely resembles tlie aldehydes than any other 
bodies thus far considered. It is plainly not an acid nor an 
alcohol. It acts entirely different from eidier. It is not an 
ethereal salt, for on boiling with au alkah it does not vield an 
alcohol nor the salt of an acid. Ou the other hand, it unites 
with the acid sulphites like the aldehydes. Further, when 
treated with phosphorus peutachloride its oxygen is replaced by 
two cliloriiie atoms thus ; — 

C,KJO + PCI, = C3H0CI2 + POC!.,; 

and when ti'cated with nascent hydrogen, it is converted into a 
Hul«tance having alcoholic properties. These facts lead ua to 
the conclusion that the substancd contains cnrbonyl, CO, as the 
aldehydes do, and we thus hai-e the formula, CjHbCO. The 
formation from calcium acetate Ic^ds further to the belief that 
the group GUIa really consists of two methyls, as the simplest 
int«iprctation of the reaction is reprcseutcd thus : — 

According to this, acetone is a compound of two inetlij I groups 
and carbonyl, or it is carbon mimoxido whose two available 
affinities have been satisfied by two in«ti\^\ ^tow^. 
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I 

^^^B We may test the coircctDess of this vievr by meaos of syni 
^^^R 'Sea. If it ia correct, it will he eeea that acetoDe is cIo£ 
^^H-^lated to itcetjl chloride. It is acetyl chloride ia which thf 
^^H .chlorine has been replaced by methyl : 



CHj.CO.Cl CHs.CO.CH3. 

Acetyl chloride. Acetone. 



Ik 



Now, when acetyl chloride ia treated with zinc methyl, Zu(CH3)it 
it yields acetoae according to this equation : — 

1 2 CHj.COCl + Zn(CH3)3 = 2 CH3.CO.CHs + ZnCl^. 

Further, acetone may be made by treating carbon monoxid 
with sodium methyl, a direct addition of two methyl groups ti 
carbon monoxide being thus effected. The relation betweei 
acetone and ordinary acetic aldehyde ia like that of an eth»«a| 
salt to its acid; that is, acetone is aldehyde, CH3.COH, 
which the hydrogen has been replaced by methyl, CHj.CO.CHgS 

Like the aldehydes, the acetone has the jwwer of taking t 
other Bulistances, such as the acid sulphites, ammonia, hydr» 
cyanic acid, hydrogen, etc. This power is in some way con^ 
nected with the relation of the oxygen to the carbon, which 1 
the same in I)otli compounds. Nevertheless, this condition ol 
the oxygen does not always carry with it the same power n 
seen in the case of the acids which also contain corbonyl, 

By reduction with nascent hydrogen, acetone yields an alo« 
liol of the formula C,HjO, known as secojidary propyl alcohoti 
which when oxidized yields acetone. In other words, tlie rela- 
tion between this alcohol and acetone is much the same as thaj 
I between ethyl alcoliol and acetic aldehyde. But while the a.l3e» 
byde by fuither oxidation yields acetic acid hy simply takioa 
np one atom of oxygen, acetone is decomtKMsed by oxidiKinj 
agents, anil yields acetic and carbonic acids. Towards oxidiia 
iug agents, then, acetones (for it will be shown that ofhe 
acetones conduct themselves in the sanie way) act entirol 
differently from tJie aldehydes. The alcolvoV tAo-ya t 
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as related to acetone is the simplest represeiitative of a class of 
alcobols differing in some reupetta from the substances eom- 
moulv called alcohols. 



We have thns considered llie moat important representatives 
of BIX claasee of oxygen derivatives of tlio hydrocarbons, and, 
by a study of their chemical conduct and the methods available 
for their preparation, have formed views in regard to the rela- 
tions between them. In our ordinary language we may expresa 
these relations briefly thus : The alcohols are the hydroxjl 
derivatives of the hydrocarbons or the hydroxides of certain 
groups colled radicals; tlie ethers are the oxides of these same 
radicals; the aldehydes are compoimds consisting of carbonyl, 
hydrogen, and a radical ; the acids are compounds of carbonyl, 
hydroxyl, and a radical, or, better, they are carbonic acid in 
which hydrogen and oxygen, or hydroxyl, have been replaced 
by a radical ; the ethereal salts are compounds litte ordinary 
metallic salte, only they contain a radical in the place of the 
metal; and, finally, the ketones are aldehydes in which the 
distinctively aldehyde hydrogen has been replaced by a radical, 
or they are comiwunds consisting of carlxmyl and two radicals. 

These ideas ai-e expressed in formulas thus, R being any 
nnivalent radical like methyl, CH3, or ethyl, OjHs ; — 

Alcohol .... K-O-H. 

Ether R-O-R. j 

Aldehyde .... U-C-II. ^^^1 



CHAPTER V. 

SULPHUR DERIVATIVES OF METHANE AND 

ETHANE. 

1. MEKCArTANa. 
The simplest tleriratiroB of mctliaae and cthano contaiDin^, 
Bulpliur are the so-called tiiercaptans or sulpkui- alco/iols. Thej 
may Iw tiuule by a method Bimilar to one described imder tli« 
head of Alcohols. When » mono-hnlc^en derivative of a hydros 
carbon, as brom-methaiie, CFlsBr, is treated with the hydroiid* 
of a metal, as silver liydroxide, AgOH, an alcohol is formed ; - 

CHaBr + AgOH = CH3OH + AgBr. 

So, also, when a similar halogen derivative ia treated with 
kydronuljjfiiile inslead of a liydroxide, a compound is obtained 
whic'li we may regard as an alcohol io which the oxygen has 
been replaced by sulphnr : — 

CH„Br + KSH = CH^SII + KBr. 
The compound ia calle<l a mercaptan. 

Ethyl-meroaptan, CjHs . BH — Thia Kubstance may be pre- 
pared by treating iodo-ethane, CjHjI, with an alcoholic sola-; 
tiiin of |}()tassinm hydrosulphide, KSH; also by distillii^ 1 
iiiixtnre of the ciinccntrated solutions of |>otassium ethybul^ 
plmt« and potassium hydrosnlphidc : 
_ C»H,^ 



■ It !i 



'''>M0, + KSH = KsSO, + CJI,sn, 



1 liquid of an fxtrcirwhi dUaijrepaliie odor ; it boils at 37° 
■ ilitiJciilily woliiblu in wak-r. 



^ 
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The name " mercaptan " was given to it on acconnt of its 

ition towards mprcury. It readily forma a compound in which 

Btteremy takes the place of hydrogen, (CsHiS)gHg. The name 

refers to its power of seizing mercury (»ierc«riws and captaiis). 

lit forms many other well-charact«rized metalhe derivatives like 

B mercury compound. 

When the sodium compound of mercaptan is exposed to the 
ur, it takes up oxygen. So, also, when mercaptan itself ia 
treated with nitric acid, it ia oxidized, the product having the 
formula CaHj , SOaH. It will thus he seen that, though in com- 
position mercaptan is analogous to alcohol, towards oxidizing 
agents it conducts itself quite differently. In the case of alco- 
hol two atoms of hydrogen are replaced by one of oxygen. In 
the case of mercaptan three atoms of oxygen are added directly 
L_to the molecule. It will be shown that this new acid, which is 
1 ethyl-nalphonic acid, beai's to sulphuric acid a relatioa 
r to that which acetic acid heara to carbonic acid ; and 
lat it beaii) to sulphurous acid a relation similar toUiat which 
Mtic acid bears to formic acid. 

^ When treated with phosphorus pentacliloride ifc yields a chlo- 
Ue, CgHs.SO^CI ; and, when this is treated with nascent hydro- 
1 (zinc and hydiocliloric acid) , it la reduced to mercaptan : — 

C^s.SOjCl + «II = C^Hj.SH + HCl + 2H,0. 



2. Sm.fJiCTB Etheks. 

L There are compounds known similar to the ethers, containing 

■ilphur in the place uf the oxygen of the ethers. Such are 

pWthyl-Bulphide, (CHs),S, and cthyl-sulpliido, (CiHs)iS. These 

1 by treating brom- or iodo-methanc or ethaue with 

ssinm sulphide : — 

2 CjHjI + K,.S = (C,Hs)aS + 2 KI. 

ley are liquids of very disagrocoble odoYa. 
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3. SuLPnoNic Acids. 

It was stated above, that when mercaptan is oxidized it is 
converted into an acid of the formula C2H5 . SO3H, or ethyl-sul- 
phonic acid. This is the representative of a large class of 
bodies which are commonly made by treating carbon compounds 
with sulphuric acid. These sulphonic acids can best be studied 
in connection with another series of hydrocarbons. Under the 
head of Benzene (which see) it will be shown tliat, when this 
hydrocarbon is treated with sulphuric acid, a reaction takes 
place which may be represented thus : — 

CeHe + JJq > SO, = ^' > SO, + H,0^ 

Benzene. Bcnzcne-sulphonic acid. 

The sulphonic acid thus obtained may also be made by oxi- 
dizing the corresponding mercaptan or hydrosulphide, CftHg. SH. 
Accordingly, the sulphonic acid appears to be sulphuric acid in 
which a hydroxjl has been replaced by the radical C^^. Rea- 
soning by analogy, which, fortunately, is supported by other 
arguments, we may conclude that ethyl-sulphonic acid formed 

from ethyl-mercaptan bears a similar relation to sulphuric acid, 

C H 
and corresponds to the formula ^..^>^0^. So, also, methyl- 

H.U 

sulphonic acid obtained by oxidation of methyl-mercaptan 

CII 
should be represented by the formula J*>S02 or CHj.SOjCH. 

Its relation to sulphuric dcid is the same as that of acetic acid to 
carbonic acid. 

Another method by which the sulphonic acids may be prepared 
consists in treating a sulphite with a halogen substitution-product. 
Thus ethyl-sulphonic acid may be prepared from potassium sul- 
phite and iodo-ethane : — 

QHJ-h J>S03 = ^^^*>S08 + KI, 
or C^a -h^> SO, = ^^^ > SO, + KI. 
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Acconling to this reaction tho eulplionic acida would appear to 
tm iUbutical with tJie othertial enlte ot uulitlmious acid, but they 
do nut (lundiict tbemselves lilie ethereal salts. The difference 
ifl pai-ticularly noticeable iu conueetioa with the stability, the 
Bulphonic aindtt as a cIohb being much more stable than the 
ethereal Biilte as a class. At present it wonld be aomewhat 
' |)rematiire to discuaa AiUy the quoetiou as to their relations. 
Whatever we may call them, they are closely related to sulphu- 
rous acid, and are derived from it by replacement of hydro- 
gen by a radical, just as acetic acid may be regarded as derived 
from formic aeid by replacement of hydrj^en by a radical. 
These relations may be represented by the following furm- 
illos: — 



I Carbonic acid, CO < 



Sulphm 



S0,< 



formic acid, CO < 



OH 



Sulphurous acid, 



S0,< 



letic acid, CO < 



OH 



Methyl-Hulphouie aeid, SO, < 



^Weel 

^Kny 
^^^H ac 

^^^KThe difference tietwceii a sulphonic aeid and an etiiereal salt of 
Bulphuric acid should be specially noticed. Compare for this 



Lny carbonic j^y^ 
acid, I 



OH 
tietwcen a sulpht 



Any sulphonic acid, SOa < 



OH 



^^^-^stiid, 
^Hithyl 



^Kperl 
^^BKsd 



C,H,^ 



.Stiid, 'jT*>S(),. lioth are monobasic acids, and both contain 
lyl, but there is a difference of one atom of oxygen in their 
tmpositiou. The reactions of the substances are such as to 
to the conclusion that in ethyl-su I phonic acid the ethyl 
group is directly connected with the sulphur ; whereas, that la 
ethyl-sulphuric acid the connection is established by means of 
.oxygen. The strongest argument in favor of this view ia 
'hapa that which is founded on tlie formation of tiio sulphonic 
ids by oxidation of the hydroBulyiVaica ot ■mat'wi.^.'ws.via. ">!5i 
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can hardly be doubted that in ethyl mercaptan the snlphnr is in 
direct combination with the ethyl ; or, to go stiU f arther, that 
it is in combination with carbon as represented in the formala 

H 
HjC — C — S — H. Now, by oxidation of mercaptan, three atoms 

H 
of oxygen are added, and the simplest view we can take of the 

reaction is that the sulphur is left undisturbed in its relations to 
ethyl, but that it has taken up the oxygen, as represented in the 
formula C^Hft— SO2.OH. As has been shown, the oxygen can 
be removed again by nascent hydrogen, and the result is mer- 
captan. The study of the sulphonic acids in their relations to 
sulphuric and sulphurous acids has been of considerable assist- 
ance in enabling chemists to form conceptions in regard to the 
relations of the constituents of the two latter. The view which 
is forced upon us by a consideration of the reactions described 
above is that sulphurous acid differs from sulphuric acid in 
containing a hydrogen atom in place of hydroxyl, as represented 

OH H 

in the formulas SO- < ^^^ and S0« < ^„ ; and, further, that in 

i OH ^ OH 

sulphurous acid one hydrogen is in combination with sulphur 
and the other with oxygen. 




f KITRO&BN DBBIVATIVBS OP MBTHANH AND 
ETHANE. 

The eimplest compounds of earboa coutaining uitrogeu are 
oyani^en and hyilrocyanie aoid. Strictly spoaking, neither can 
be regarded as a derivative of a. hydrocarbon, unless indeed we 
consider hydrocyanic acid aa marsh gas, iu which three hydro- 



gen atoms have been replaced by one nitrogen : C 



■ and 



c| . That, liowevcr, is a mere m.ittcr of words, na there is 
nothing in the conduct of either substance, or in the metliods of 
formatjon of hydrocyanic acid, tJiat would Icatl us to suspect 
any relation between them. Though cyanogen and hydrocyanic 
acid are tlicrefoi-e not to be considered as derivativea of the 
hydrocarbons, they form the starting-point for the preporatioii 
of so many imiwrtant compounds that they and their simpler 
derivatives must receive some considemtioa at tiiia stuge. 

Gyanoeren, (ON),. —All organic compounds which contain 
nitrogen give sodium cyanide when ignited witli sodium. So, 
also, potassium cyanide is formed when charcoal containing 
nitrogen is heated with potassium carbonate. Cyan<^en itself 
is most readily made by heating mercuric cyanide, Hg(CN),. 
The decomposition which takes place is, in the main, like the 
simple decomiKJsition of mercuric oxide in preparing oxygen : — 

Hg(CN)5= Hg + (CN)j; 
HgO = llg + O. 
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But, in heating mercuric cyanide, a lilack solid substance, ^XJir* 

cyanogen, is fortncd, and rGiuains bchiud in tbo retort. It hi 
tlie Biime coui]K)sition as cyiLut^eu, and is therefore a jK>lynieria 
modification. 

Cyanogen (from nvavoq, blue) owes its name to tiie fact that 
fet'eral of its compounds have a blue culor. It is a cotorlesa 
fins, which is easily soluble in water nnd alcohol, and 
trumely poisonous. It burns with a purple-colored flame. 

In aqueuuB solution, cyanogen soon tmdergoes change, and a 
brown amorphous body is deposited. In the solution are found 
hydrocyanic acid, oxahc acid, ammonia, and cartwa dioxide. 
A. little dilute acid prevents thiu decomposition. 

K Hydrocranic acid, HON. — This acid, which is oon>- 
i Bionly known by the name of prttssic acid, occurs in oaturo 
in amygdalin, in combination with other substances, in bil;ter 
almonds, tlie leaves of the cherry, laurel, etc. It is prepared 
by decomposing metallic cyanides with hydrochloric acid. 
represented in the equation : — 

KC:N + IICI = KCl + IICN. 
It may also be made liy treating chloroform w 

CHCl, + NU, = HON 4- 3 IICI, 
or CHCl, + f) Nil, = NH, .CN + 3 NIIiCl. 

It is a volatile hquid, boiling at 2G.3°, which solidifies at — 15°. 
It has a very characteristic odor, suggesting bitter almonds. It 
in extremely jx^Uonons. It dissolves in water in all proporticmB, 
and it is such a solntion which is known as pnissic acid. Purs 
liidrocyanie acid is \'ery unstable. By standing, a brown body 
is deposited. By boiling with alkalies or aeids, it is converted 
into formic acid and ammonia (see p. 5C). 

Hydrocyanic acid may be detected by the fact that when its. 
solution is saturated with canstic potash, and a solution contain- 
a^ a terroua aud a ferric salt added, a \ii!e«i\)itot« of 
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blue is formed ; or, hy adftiug yoUow ammoniiun sulphide to its 
BoliitioQ, evaporating off the cxuess ol' animoniuni Bul[)UiJt', and 
sn adding a tlrop of solution of ferric cliloridii. If hydrocy- 
Ic acid was prescDt, the soiution turns a deeji IjIooJ. red. 

Cyanides. — Hydrocyanic, like liydrodiloric auid, forms a 
series of salts. They arc called the cyanides. The cyanides of 
llie alkali metals and of mercury are soluble in water. The 
cyauidca of the heavy metals have a marltcd tendency to form 
double cyanides, and those double cyanides which contain an 
alljali metal are soluble in water. Hence, the precipitates 
formed by i>otas8ium cyanide, in solutions containing the heavy 

(talfl, are dissolved by excess of the cyanide. 

Among the best known double cyanides are the two salts, 
potassimn ferroct/anide and itotansiuvi ferncyanide. The former 
is commonly known as j/eUow prussiale ofpotaafi, and the latter 
as redprussiiUe of potash. 

PotaBsium ferrocyanide, (^ KCN)Fe(CN')i, + 3 HjO 

This salt is made on the large scale by melting together, in iron 
vessels, refuse animal sulistauces {i.e., organic matter contain- 
ing nitn^en) with potassium carlmnate and iron. The moss is 
treated with water, and tlic salt which is tliue extracted puri- 
led by crystallization. 
It crystallizes in largo yellow crystals, and is soluble in about 

pai-ts of water at 15°. 
When ignited, it breaks up according to tliia equation : — 



4 KCN.Fe(CN), 

deoompositio 



4 KCN + FeC. + N,. 



made use of for the purpose of preparing 
potassium cyanide. As, however, a portion of the cyanogen is 
lost in tins way, potassium carbonate is generally added, when 
the reaction represented by the following equation takes 

iKCN.Fe(CN), + K.CO3 = 5 KCK -V "^'^'^'^ -V 'C'?*-. V^*-- 
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The potassium cyanide made in tliis wuy nlwjiya necessarily con- 
tains poUiBsiuin cyanate, KCNO. 

Kzperlinent 24.i Make a mixture of 8 ports (\CW) tlohjdrated 
potaaslum fuirocyanlde anil 3 parts (GfW) dry potaasUim carbonftte. 
Fuse In nil Iron cruclbli?, at a low red beat, until a specimeo taken 
out and placed oa a stovm ]s nlilte wlicii solid. Then pour out on it 
flat, smootli stone, and aflwrwardB break up and put iu a dry bottle. 

Wlieu treated with dilute sulphurie acid, tbe ferrocyanide 
yields Iiydrocyanic acid thus : — 

2 [4 KCN.Fe(CN)J + 3 HbS04 

= 6HCN + 2[KCN.rc(CN),] + 3 K^O.. 

This reaction is the one actually made uae of for the [irepara- 
tion of hydrocyanic acid. 

Potassium ferrocyanide is tbe atarting-potnt for the prepara- 
tion of all compouuds contaiuiug cyanogen. 

Potasaium ferrioyanide, 3 KCN.FelCN),. — This salt, 
known as red prussiatc of potash, is prepared hy oxidizing the^ 
ferrofyanide. The oxidation is effected most readily by means 
of chlorine. 

Bnpertment 2S. Pass chlorine into a solution of potassinm fem>- 
cjanlde uulil the solution ceases to give a precipitate with ferric chlo- 
ride. Then evaporate to crystallization. 

Other oxidizing agents, such as bromine, potassium perman- 
ganate, leail [leroxido, et*., effect tlie same transfoimation. 
The essential part of the change is that of the ferrous cyanide, 
Fe(CN)i, in the ferrocyanide, to ferric cyanide, Fe(CN)3, whidi 
is in the fciTicyanide. Pottissium feirieyauide is easily soluble 
in water, and crystallizes from its concentrated eoIuUona in 
large, dark-red crystals belonging to the rhombic system. 

In alkaline solutions it is an excellent oxidizing agent. 



CYANrO ACID. fi 

Bediicing agents, such as liydrogen sulphide, sodinm thii 
[sulphate (hyposulphite), etc., convert it into the yellow salt. 
'issian blue, TumbulTa blue, soluble Prussian blue, and 
I green are complex cyanides of iron represented by the 
muloB 

4Fe{CN)3.3Fe(CN)5, 
3Fe(CN)2.2Fe(CN)3, 
KCN . Fe(CN)a . Fe(CN)s, 
["and Feg(CN)a + 4IIjO, reBpeetively. 

For a full account of the many compounds of the metals and 
V^ani^en, the student la referred to larger works. 

Cyanogpen chlorides. — When chlorine is allowed to act 
I cyanides or dilute hydrcwyauic acid, a, volatile liquid is 
med which huB tiie composKJon represented by the foi-mula 
It boils at 15.5°, and its vapor acts upon the eyoS] 
; tears. It is known as liquid m/anogen chloride to dia- 
[uisli it from solid cyanogen chloride. The latter has the 
mala (CN)0Cl3, and is formed by treating anhydrous hydro- 
nranic acid with chlonne ui direct sunlight. The Uquid vorie^i 
I partially transformed into the solid when kept iu sealed 
bibee. 

Similar compounds of cyanogen with bromine and iodine ai 

Cyanic acid, CONH. — Wlicii ■ :i cyuuidc of an alkaU 
rested witli an oxidizing iigcnt, it takes up oxygcu and is coi 
BTted into a cyaiiate ; — 

CNK + = CONK. 

i Bxpertmcnt 26.' Heat a mixture of 8 psrts ([(!(») deliyilrate* 
taHHlimi fcrroiryunUlo, and !lpiirts(r>On) ilry potassium cailiomite Inaxt- 
(jniclhlo. Wtii'ii t]ii.' tratisfonnalioii Into tlic pyauUlc Is comtdete 
e Es. 24, p. B2), Uk.^ Ihu i-nn-lblt out of Ihy fnrnacc; ami, afttr It 
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has cooled down somewhat, but while the mass is still liquid, add 
gradually 15 parts (300k) red lead, stirriug diirlDg the operation. Put 
the crucible again iu the furnace for a little while ; allow the reduced 
lead to settle, and then pour out the contents on a smooth stone. After 
the mass is cold, break up and extract the cyanate with alcohol (of 86 
per cent). 

Cyanic acid cannot be separated from its salts, as it breaks 
up with water into ammonia and carbon dioxide : — 

CONH + H2O = NH3 + CO2. 

The potassium salt is easily soluble in water, but is easily 
decomposed by it, yielding ammonia and potassium carbon- 
ate : — 

CONK + 2 H2O = KHCO3 + NH3. 

The most interesting salt of cyanic acid is ammonium cyanate^ 
CON.NH4. It may be made by adding ammonium sulphate to 
a solution of the potassium salt. It is easily soluble in water ; 
but, if allowed to stand in solution, or if its solution be heated, 
it is completely transformed into urea, which is isomeric with it. 
The interest connected with this transformation was referred to 
in the introductory chapter (p. 1). It will be considered more 
fully under the head of urea. 

Oyanuric acid, O3N3H3O3. — This acid bears a relation to 
cyanic acid similar to that which solid cyanogen chloride, 
(CN)3Cl..j, boars to the liquid variety. It is made by treating 
the sohd chloride with water, and also l)y heating urea. It is 
a crystallized substance. 

Sulpho-cyanic acid, ONSH.— Just as the cj'anides of the 
alkalies take up oxygen and are converted into cyanates, so also 
they take up sulphur and are converted into sulpho-cyanates : — 

CNK + S = CNSK. 

PoUissium 
Bu\\)\iO-cy anaXe . 



i 



SULPIIO-CVAJJIC ACID. 

Kxperimcat 27> Melt together in an iron crucible IT parts (86>} 
dry potassium carbonata nnd 32 pnrtsfHRJ*) sulphur, and then ndd -M 
pftrta (HBO!) powdered deliydrnted potiissium ferrocyanldo. Keep tliB 
nasB at a low red heat until the ferrocjanide Is destroyed. After 
coollus, extract with water, neutralize the Altered solution with sul- 
phuric acid, evaporate, and separate from potassium sulphate by means 
of alcohol. 

Potassium svlpho-cyariate ci'ystallizea in loiig striated prismB 
without water of crystallization. It is deliquescent. Wlien 
dissolved in water the temperatiire eiuks markedly. When 100 
parte of water of 10.8° are mixed with 150 pavts of the salt, the 
temperature sinks to — 23.7°. By evaporatiou of the solution, 
the salt can be recovered. 

Experiment 28. Dissolve aome potassium suIpho-cyaunt« iu water, 
and note the temperature before and atter introducing the suit. 

Ammonmrn, mdpho-ajanoie, CNS.NH,. This salt is mOBt 
lily prepared hy treating carbou bisulphide with a solution of 
imonia in dilute alcohol : — 



CS, + -INHj = CNS.NHj + (Nn,)jS. 
Experiment 20. Mis 24C strong aqueous nnunonia, 240"^ nlcohol, 
a G0« carbon blsulplildc. Allow the raisturu to stand for one or 
IBore days, Tlien distil down to one-third of the original volume, ttofl 
filter while stiU hot the solution left in the flaslc. On cooling, nmrno- 
nlDm siilpho-cyanate will cryatallizn out. 

The salt crystallizes iu plates. It melts at 147° (try it), 
and at 170° it is ti-anafonned into the isomcrif suhstjince knowu 
as snlplio-urea, (Analogy to tmuuf on nation of ammouium 

Ianata.) 

» 



Having thus considered some of tlie more important simpler 
func^cn compounds, we may now i-ctum to the nitrogen deriv- 
Bvos of tJiG hydnicarlions. For oonvcnienw, these may be 
Ivided into tlirt>e diusses : — 

(1) Thime vkidi are rphUfd In I'nanogen; 

(2) Those vhicJi are related to ammonia; 

(3) Tfiuite v>hich are relateii to idtria aaid. 
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Cyanides. 

Methyl cyanide, OH3.ON.— This compound is formed by 
distilling a mixture of potassium methyl-sulphate and potas- 
sium cyanide : — 

^??'>S04 + KCN = K2SO4 + CH3CN. 

It is a liquid boiling at 82°. 

According to the method of preparation, it must be regarded 
as an ethereal salt of hydrocyanic acid, containing methyl in the 
place of the potassium of the ix)tassiam salt. 

Ethyl cyanide, C2H5.CN. — Formed like the methyl com- 
pound. Also by lieatiug chlor-ethane with potassium cya- 
nide : — 

C2H5CI + KCN = C2H5.CN -j- KCl. 

It is a liquid })oiling at 98°. 

The two most characteristic reactions of these cyanides are 
(1) that which is effected bj^ caustic alkalies, and (2) that 
effected by nascent hydrogen. 

When metliyl cyanide is treated with caustic potash, it yields 
acetic acid and annuonia : — 

CH3.CN + H/) + KOH = CII3.CO2K -I- NH,. 

Tliis reaction is strictly analogous to that which takes place 
with hydrocyanic acid yielding foimic acid (see p. 56), In 
the same way ethyl cyanide yields an acid of the formula 
CyllflOjj (or CJIs-CO^II). Thus, bj' making a cj'anide, we have 
it in our power to make an acid containing the same number of 
carbon atoms. 

This reaction, therefore, enables us to pass from an aloohol 
to an acid containiniir one atom of carbon more than the aloohol 
contains. It has Ix^on of great service in the study of the com- 
;x>nj)ds of carbon. 
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Note tor Stpubnt. — Show how, liy starting with methyl-alcohol, 
acetic aciii ma; be made by passing through the cyoulOe. 

There ai-e two ways in which we may consider the cyanogen 
group linked to methyl in methyl cyanide ; viz., either by the 
carbon atom, as represented in the formula lIjC — C — N, or 
by the nitrc^en atom, as represented thim, II3C— N— C. The 
ease with which the nitrogen is separated from the compound, 
leaving the two carbon atoms together, as shown in the reaction 
with caustic potash, naturally leads to tlie conclusion that the 
former view is the coiTect one. If it is correct, it would appear 
to follow that in potassium cyanide the potassium is in combi- 
nation with carbon as represented ia the formula K— C— N, 
and further that in hydrocyanic acid the hydrogen ia in combi- 
nation with carbon, as shown thus, H— C— N. 

In consequence of the" close relation existing between the 
cyanides and the acids, the former are frequently spoken of as 
the nitriles of the acids. Thus methyl cyanide, which is con- 
verted into acetic acid by boiling with caustic potash, la called 
the nitrile of acetic iicid, or aceto-nitrile. In the same way 
hydrocyanic acid itself may be regarded as theiiitrile of formic 
acid, or form o- nitrile. 

Whemnetliyl cyanide is treated with nascent hydrogen, it is 
coiivert<!d into a snbstance which closely resembles ammonia, 
and is known ns elkyl-amine. It will be shown to bear to 

ammonia the relation indicated by the formula N J H ; t.e.,it 

(H 
is anununia in which one hydrogen has been replaced by ethyl. 
Tlie reactiun may be represented by the equation : — 

H,C-C-N + 4II = U,C-nsC-NHj orNJH ■ 

This tnuiKfiirmation strongthcns the conclusion already reached, 
that the two caibon atoms in methyl cyanide are directly united. 
If thiti were not the case, it ia tUfficiiVt to s«tt\\E."« «.« 
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containing ethyl in which the two carbon atoms are unquestion- 
ably united, could be formed so easily from it. 

Just as methyl cyanide yields ethyl-amine when treated with 

nascent hydrogen, so hydrocyanic acid yields methyl-aminc 
CH3 

H / rcH3 

H-C-N + 4H = H3C-NH2 1 or N j H 

The amines, or substituted ammonias, will be considered more 
fully hereafter. 

ISOCYANIDES OR CaRB AMINES. 

If, in makinor an ethereal salt of hydrocyanic acid from a salt, 
the silver salt be used, a compound is obtained having the same 
composition as the cyanide, but differing very markedly from 
it. The substance thus obtained is called an isocyanids or car- 
bamine. 

Ethyl isocyanide or ethyl carbamine, O2H5.NO.— This 
compound is obtained when silver cyanide and iodo-ethane are 
heated together : — 

C2II5T + AgNC = CgllfiNC + Agl. 

It is also formed when chloroform and ethyl-amine (see above) 
are brought together : — 

(C2H5 
CHCI3 + N j H = C2H5NC -I- 3 Ha. 

UI 

It is a liquid boiling at 70°. It is characterized by an unbear- 
able^ indescribable odor. The methyl compound obtained by 
the same method boils at 58° to 59°, but otherwise has proper- 
ties almost identical with those of etliyl isocyanide. 



ETHYI, ISonyANIDE. 

Tlie reactions of these subBtnnceB arc quite different front 

those of the cyanides. Tbey are decomposed only witli great 

1. difficulty by the caastic alkalies; but, when brought together 

['■with hydrochloric acid, the}- undergo an ioteresting change, 

I which may be represented by the following equation for the 

methyl compound : — 



CHs.NC + 2H,0 = 



Cn^-NII^ + H.COaH. 

Methyl -nmlDp. Ppraiic sclll. 



This reaction indicates that in the iBocyanides the cyanogeii 
I group is united to the radical by means of nitrc^en, aa repre- 
BMuted by the formula H,C— N— C. Hence it is, in all proba- 
■bility, that when tbey undergo decomposition the nitrogen 
J-remaiuB iu combination with the radical, while the carbon o( 

e cyanogen group passes out of the compound. Tlie conduct 
if ethyl isocyanide is represented by the equation : — 

C^j.NC + 2H,0 = CjH^-NHo + H.CO3H. 

The reactions of the cyanides and of the iaocyanidea, and 
Bie conclusions drawn from them, admirably illustrate the 
'' methods used in determining tlie structiiro of comiiounds of 
carbon ; and they are specially valuable, as the connection' 
between the facts and the conclusions, as expressed in the 
formnlas, can be traced so clearly. 

The fact, that the silver salt of hydrocyanic acid yields iso- 
cyanides, while the potassium and other salts yield cyanides wifl( 
the halogen derivativcB of the hj-drocarbons, leads us to suspect 
that in silver cyanide the metal may be in combination with 
nitrogen and not wltti carbon. There are other facts known 
B which indicate a tendency on tlie part of silver to unite with 
;un ill carbon compounds. Tt would lead too far to discusK 
a aulijeot here. 

i possible that iaonicric salts of cyanogen may Im dis-j 
rered eorrcsponding to the oyaiiides of the rsidicals and to tba< 
Tiiere is no fact kuowvi ^Vfl.c\i losJeja'i •&* 
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ence of two potassium cyanides &nd two eilver cyanidee seeja 
imi>roba.ble. Tim two aeries of salts would lie derivatives 
of hydrocyanic acid, II— C— N, and isoliydrocyanic acid, 
H-N-C. 

Esperlment 30. The odor or tlic isocyanides, as has Iwen stated, 
is extremely dleagreeable, Biiil iu concentrated form it is unbearable. 
A vivid Impression lu regard to this property may be produced by the 
following experiment. In a test-tnbo bring together a liUlc eMororomi, 
aniline, and alcobolic potash. The reaction takes place at once. It is 
better to perform the experiment out-of-doora, and in siicli a place that 
the tnbe with its contents can be thrown away without molesting ajiy 
one. The aniline used la a snbstitnted ammonia analosous to methyl- 
amlne, containing tlie radicil C^Hs in plate of intthji. Tlie isocyaulde 
formed has tlie formula CgHj. NC. 

CVANATES AND ISOCYANATBS. 

There are two series of eompoiinda bearing to cyanic acid 
much the same relation as that which the cyanides and isocyan- 
ides bear to hydrocyanic acid. 

In the cj/anates, which are made by passing cyanogen chloride 
into the alcohols (CH3OH + CNCi = CH3OCN + HCl) , tlio radi- 
cal is believed to be united to the cyanogen group by means of 
oxygen, as represented in the formula CH3— 0— CN. 

In tbe isocyanates (first called ci/anates), on the other hand, 
the radieAi is believed to be united to the cyanogen by means 
of nitrogen, as represented thua, CII3— N— CO. The isocyan- 
ates are made by distilling potassium cyanate witli tlie potasaium 
salt of methyl- or ethyl-sulphtirie acid. They may be made also 
by bringing together the iodides of radicals, as iodo-methane 
and silver cyunate. They are very volatile suhatancea, wtucli 
liave penetrating and sntfocating odors. 

f)rie of the principal reactions of the cyanatos is that which 
they undergo with caustic alkalies, hydrochloric acid, etc. They 
yield cyanic acid, and a conipoinid eontaiiiiug tht radical whiiili 
- they cojjtaiued. 
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The iflucyanates readily yiold snbstitiituil luiuiirmias, just as 
the isooyanides do : — 

Ic' aH,-N-CO + H^ = C,H..NH, + CO.j 

W CH3 -N-CO + HjO = CIIj.NHs + CO,. 

Tho views held in regai-d to the atruuture of the cyauates and 
isocyanates arc based «pon these reactions, which, as will \m 
oliaerved, are very sunilar to those more fiiliy considered in 
discussing the difference between the cyanides and isocyanides. 

The existence of two cj-anic acids, and of two series of salts 
derived from them, seems probable. 

^K SULPHO-CYANATES. 

I^ The ethereal salla of wul])liocyiinii.i acid are oiisily made by 
distilling potassium sulphoeyiinate and the [lotaasinm suit of 
methyl- or ethyl-snlphuric acid : — 

™^> SO, + KHCN = CH3SCN + K,SO,. 

The ctliyl compound, which is very similar to the methyl com- 
pound, is a liquid boiling at 14S°. 

When boiled with nitric acid, it is oxidized to ethyl-sulphonic 
acid. Now, it has been shown above (see p. 77) , that in ethyl- 
sulphonic acid the ethyl in all probability is in combination with 
the sulphur. It hence follows that, in the sutphocyanates 
obtained from potassium sulphocyanate, the radical is also 
in combination with sulpliur, as indicated in the formula, 
C,Hj— S— CN. This view is supported by the fact that ethyl 
sulpho-cyanate ri;ttdily yielils ethyl sulphide as a product of 
iposition. 



^H^oomj 
^B- Am 



Iso-suLpno-cyANATEs oh MusTAHD-On-s. 



* A number of componnds are Itnown isomeric with the sulpho- 
cyauates. The best-known member of the class is ordinaiy 
muatard-oil. Hence they luk\e beeii csJieA 'HOJiS«.T4--p(Aa, ^ssSi 
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they are known most frequently by this name. The mnstaixl- 
oils are made by means of a eerica of Bomewhnt complicated I 
reactioufl, which it is rather difficult to interpret without a cobi- 
parison with some similar reactions which take jjlace betweeii I 
simpler substances. 

When dry ammonia and dry carbon dioxide act upon each 
other, so-called anhydrous ammonium carbonate is formed. This 
is really the ammonium salt of carbamic acid, CO < ^J|'. 
formation is represented thus : — 

Now, remembering that carbon bisulphide is similar to carbon 
dioxide, and that ctliyl-aminc is similtir to ammonia, we can 
readily understand the reaction which takes place when these 
two aubstauces are brought tt^ethcr r — 

CS, + 2 NH,CA = CS < NHCsH, 

S{NnAH,) 

The product formed is the etiiyl-annnonium salt of the acid 
CS< ' °, wliich maybe called ethyl-sulpho-carbnmic acid. 
"Wlien the etiiyl-amraonium salt is treated with silver nitrate, the 
corresponding silver salt, ca < ' ', is precipitiitcd. And 
dually, when this salt ia distilled, it breaks up, yielding ethyi 
miislard-oU, silver sulphide, and hydrogen anlphide : — 

■ 2 CS<[;'J^*^'"' = 2 SC-NCJI, + H^S + Ag^S. 

K &Ag 

Ethyl mustard-oil ia an oily liquid which does not mis with 
water. It has a very penetrating odor, and acts upon the 
mucous membranes of the eyes and nose in the same way as 
ordinary oil of mustard. The properties of the two are so much 
alike that one could be substituted for the other. 



ISO-SDLPHO-CYANATES. 

Some of the arguments bave been stated which load to tbe- 

■- viow tliat in the siilpho-cyaiiates the radical is in combination 

with sulphur. Having once accepted this view, we wouldi' 

naturally suspect tiiat in the muatard-oils the radical is in com' 

k bination with nitrogen, and the question arises whether the- 

i roactioDS of these bodies are of such a character as to justifji 

I this Bnspicion ? They certainly are. In the first place, when. 

I heated with water or with hydrochloric acid, ethyl mustai-d-oil ii 

I decomposed, yielding- ethi/l-am,ine, carbon dioxide, and hydrc^l^ 

sulphide : — 

SC-NCjIIs + 2 HaO = C^.NH, + H^S + COj. 

I And, in the second place, nascent hydrogen converts it into 
Ltthyl-amine and formic thioaldehj-de (i.e., formic aldehydt 
I which the oxj'gen has i>een replaced by sulphur) : — 
SC-NCjH, 4- 4 H = CjHj.NHa + H,CS. 
* Thus, as will be seen, the tendency of the sulpho-cyanates is to 
yield sulphides of tlie i-adicals like ethyl sulphide, (C,Ha)aS 
the tendency of the iHO-sidpho-cyaoates is to yield substituted 
anmionias, like ethyl-amino NHj.CjHt. These facts [wint to- 
F tiie relations expressed in tie formulas, R— S— CN for 
i snlpho-cyanates, and R— N — CS for the iao-aulpho-cyanates or 
mustard-oils. 



In reviewing now the compounds of the Iiydrocarbona whi( 
I'BXB related to cyanogen, we see that there are two isomei 

!s of these, the names and gi 
I given below: — 
fCyanides, R-C-N . . . Ist 



ich 

■al formulas of which ar« 



nidcs 



I.CyauateH,R— 0-CN . 
k|Bulpho-cyanates, R— S— 



E-N-C. 
R-N-CO. 



Carbarn iues, 
. Isocyanates, 
. Iso-8Ulpho-cjan- ^ 

ates or Mns- |- R— N 

tard oils, J 



94 DERIVATIVES OF ]VIETHANE AND ETHANE. 

Note for Student. — Study these compounds until the exact con- 
nection between the formulas and the facts above stated is clearly 
seen. 

Substituted Ammonias. 

When brom-ethane or any similar substitution-product is 
treated with ammonia, the reactions represented by the follow- 
ing equations take place step by step : — 

C^HfiBr + NH3 = NHaCCsHfi) . HBr ; 

C^HfiBr + NH^CC^H^) = NII(C2H5)2.HBr ; 
CaH^Br + NHCCaHs)^ = N(C2H5)3.HBr; 
CgH^Br + N(C2H5)3 = N(C2H5)4Br. 

The first three products are salts of hydrobromic acid, and 
bodies which in all their properties very closely resemble 
ammonia. When these salts are distilled with potassium 
hydroxide they are decomposed, just as ammonium bromide 
would be. Only instead of getting ammonia and potassium 
bromide, we get the compounds ethyl-amme^ NH2.C2H5, di-ethyl- 
amine, NH (02115)25 and tri-ethyl-amine, N (02115)3. These 
substances may be regarded as derived from ammonia by the 
replacement of one, two, and three of the hydrogen atoms 
respectively by ethyl. The last product of the series of reac- 
tions represented above may be regarded as ammonium bromide, 
NH4Br, in wliich all four hydrogen atoms are replaced by ethyl 
groups. 

The decomposition by potassium hydroxide of the first two 
salts is represented thus : — 

NH2(02H5).nBr + KOH = NIl2(02H5) + KBr + HjjO ; 
NH(02H5)2.nBr + KOH = NH(02H5)2 + KBr + HgO. 

Methyl-amine, NH2.CH3. — This compound may be pre- 
pared by treating iodo-methane with ammonia : — 

OII3I + NH3 = NIIjOHa.HI, 
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It was Brat made l)y troiiting iiit'thyl isoeyanate, CHj— N— CO, 
with caustic potiiali : ~ 

CH3-K-CO + HiO = NHa-CHa + COj. 

It bas been stated that it is formed by treating hydrocyanic 
auid with iiaBceut hydrt^en : — 

HCN + 4H = NH3.CH3. 

It occurs in nature in hen-ing hi-iDc, and is one of the products 
of the diatiUatiou of auiinal matter as well tm of wood. It is 
now prepareil on the large scale from certain waste products 
obtained in tiie refiniug of beet sugar (see T ri-m ethyl -amine ) . 

Mcthyl-amine is a gas not easily coudensed to a liquid. It 
smells like amiuonia. It is, like ammonia, extremely easily 
BoUil)le in water, 1 volume of water at 12.5° taking up 1150 
volnmes of the gas. This solution acts almost exactly like a 
solution of ammonia in water. It is strongly alkaline. It pre- 
cipitates the metallic hydroxides, but, unlike ammonia, it does 
not rcdissolve prcci]>itated hydi'osides of nickel, cobalt, and 
cadmium when added in excess. Like ammonia, it dissolves 
alumiuiinn hydroxide. 

Methyl-amine forms salts with acids in the same way tliat 
ammonia does; that is, hy direct addition. The action towards 
nitric and sulphuric acids takes place in accordance with the 
following equations : — 

NIIjCII, + HNO. = NnaCH, .NO3 ; ■ 
2 NII,CIl3 + IliSO, = (NH3CH,,)30i. 

These salts are called mcthyl-ammoniiun nitrate and methyl- 
ammonium sulphate respectively, 

Di-methyl-amine, NH(CH3),. — This is formed by heating 
iodo-methane with alcoliolic ammonia : — 

2 CHal + 2 NU„ = NIKCIIaV-tli + ^^^- 
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^^^r Xi is formed, together with methyl- amine, as a product of the; 
^^^ridiBtiUation of wood. 

^^^ It is a, gas which condenses to ii li(^iiid at + 8°. Its proper- 
ties are much liiie those of la ethyl-am in o. 

Tri-methyl-amine, NCOH,)^. — Tri-ractliyl-araine is formed 
as one of the products of tiie treatment of iodo-methane witb 
ammonia. It occurs widely distriliuted in nature, as ia 
bloBBoma of the hawthorn, tiic wild cherry, and the pear. 
is contained in herring brine, and is a common product of 
decomposition of oi^anic substances which contain uiti'ogen. IS 
is now obtained in large quantities from the so-called " via* 
aeses." These are the waste liquids obtained iu the refiniDg of 
beet sugar. When die " vinasses" arc evaporated to dryneei 
tri-metlyl-amine is given off among the volatile products. It 
collected as the hydrochloric acid salt, N(CH:,)s.HCI, which, 
when heated to 360°, yields ammonia, tri-methyl-umine, and 
^^ ohlur-m ethane : — 

^B 3N(CH3)3.HC1 = 2N{Cna)3 + NH„-F3CH3a. 

^K^ The chlor-methane is utilized for the purpose of producing low 
temperatures. 

Tri- methyl -amine is a liquid Iroiling at 9" to 10°, It has » 
strong ammoniacal and fishy odor. It is very soluble ii 
and alcohol, aud is a strong base. It is used in the prepant*: 
tion of potassium carbonate, by the Solvay process. In makit^ 
sodium carbonate from the chloride by this method, acid ammo* 
nium carbonate is brought together with the chloride. Thus 
ntono-sodium carbonate is precipitated, and ammonium chloride 
is left in solution. But mono-potassiiun carbonate and ammo' 
nium chloride are about equally soluble, so that [xttassium car- 
bonate cannot be prepared in the same way. On the other 
hand, if tri-methyl-amine be substituted for ammonia, the sepo* 
ration can be effected, inasmuch as tri- methyl -ammonium chlo^ 
T-Jde ia mora soluble than ammonium cbloriAe. 
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NOTK FOR Student. — Write the equations represeutluij tbe reao- 
tloiut Involvr^d in niaking pota»H[tiiti carbonate from potassium chloriile 
by mcona of tri-methjl-aminc. 

Tlio ethyl-amines are veiy much like the methyl cwmpounja, 
and heu(!e ueed not l»e specially deBcribei]. 

When tri-ethyl -amine is brought together with iodo-ethane, 
tbe two imit«, forming the compoiind tetra-etliyl-ammoDium 
iodide, N(C3H5)4l, which is simmoninm iodide, in which all four 
hydrt^en atoms have boon replaced by ethyl groups. If silver 
oxide be added to the aqueous solution of the iodide, silver 
iodide is precipitated, and by evaporation of the liquid, crystals 
of tetra-elhyl-ammonium. hydroxide, N(C2Hi)iOU, are obtained. 
This is plainly the hypothetical atnmoninm hydroxide, in which 
the four ammonium hydrogens have been replaced by ethyl. 
Its Kolution nel8 almost like cavstic polank. It is very caustic, 
attracts carbon dioxide from the air, saponilies (see p. 70) 
ethereal salts, and gives the same precipitates aa caustic potash. 
The roactions of the substitnted ammonias above described 
make it certain that these bodies are very closely related to 
ammonia. The methods of formation also point clearly to the 
same conclusion. This relation is best expressed by the form- 
ulas above given. 

Another method for the formation of sultstituted ammonias 
in which but one radical is present, as ethyl-amine, NHj.CjHt, 
or in general NIIj . R, consists In treating with nascent hyilro- 
gen compounds known as nitro compoitnda, which are substitu- 
tion-products containing the group (NOj) in tlie place of 
hydr(^en. Thus, for example, when nitro-metbane, C'H^.NOj 
(which see), ia treated with hydrc^en, the reaction which takes 
place ia repreeeuted thus : — 

CIIs.NOa -I- GH = CHj.NII, -f- 2 H,0. 

In connection witli another series, it will be shown that this 
reaction is a most important one, from the practical as well aa 
the scientific stand-point. It may ba &&\d \q. vcabcvi^^Lv^' 



E 
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"file manufacture of aniline, and cousequeutly of all tbe many 

liiabli! dye-Btuffs related to aniline, is based ii[H)n this reai 
tiou. 

Just as we may look npon methyl-amine and the related hodie 
as ammonia, in which one hydrogen atom is replaced by methyl, 
BO also we may regard them, and with equal right, as marsh' 
gas, in which hydrogen has been replaced by the group or resi- 
due NHj, Owing to the frequency of tlie occurrence of this 
group in carbon compounds, and for the sake of simplifying thd 
nomenchituru, the group has been called the amide c 
group, and ttic bodies containing it amido-compovnda. Tbni' 
the compounds NII^ . C'sHg may be called either ethj/l-amine t 
amido-etkane, etc. 

Similarly, those bodies which contain two hydrocarbon resl^ 
dues, as di-ethyl-amine, NII(CjHj)j, are called imido-compoundai 
and the group NH tbe imidn or imido group. Substituted' 
ammonias containing one hydrocarlxtn residue are called pri'-' 
majT/ ammonia bases. Those containing two residues, as di- 
ethyl-amine, NH(C^s)a, are known as secondary ammonud 
bases, and those containing three residues, aa tri-ethyl-anune, 
^(CHj)^, are called tertinry aTnmonia bases. 

Among the most important of the reactions of amido-com- 
pounds or primary bases is that which takes place when they 
are treated with nitrous acid. Take ethyl-amine as an illustra- 
tion. In order to understand what takes place when tlu«' 
eorapoiind is treated with niti'ous.acid, it is necessary to I 
in mind the fact that the compound itself is a modified ammo* 
nia, and hence we may expect that ita reactions will be bufe 
modifications of those which take place with ammonia. Thuft 
witli nitrous acid ammonia unites directly to form anmionium' 
nitrite : — 

NHj + HNOs = NH^.HO,. 

So lllso ethyl-amine forms etbyl-ammoniiun nitrite : — 
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nitrite breaks iiii readily into 



extensively in the prepara- 
For ordinary alcohol, as 



Now we know that mnn 
free iiitrt^eu and water : 

NH,.NO, = Na + HiO + n,0. 
So also ethyl-fumnonium niti-ite breaks up into free nitrogen, 
water, jmd alcohol: — 

NH3(CjH5)NOs = N, + H,0 + C.Hj.OH. 

The two reactioua ai'e strictly aualogoua. As in the second caae 
we start with a substituted ammonia, we get aa a product s 
substituted water or alcohol. 

This reaction has been used very e 
tion of bodies containing bydroxyl. 

is clear, it is not a convenient method of preparation ; but it 
will be shown that there are hytiroxidea for the preparation of 
which it is by far the most convenient method. The essential 
character of the transformation effected bj' it will be best under- 
stuod by comparing the formulas of the amide and the alcohol. 
We have ethyl-amine, C,Hj.NH~, and from it we get alcohol, 
CiHj.OlI- Thus we see tliat the tranaformatiou consists in 
replacing the amido-group by hydroxyl. 

Hydrazise Compounds. 
Of late a class of bodies has been studied, the nieinbers of 
which bear the same relation to the hyiiotlietical Iwdy, N,lli 
(or H,N — Nil.) ,.that the substituted ammonias bear to ammo- 
nia. The reactions by which they are prepared are somewhat 
complicated, and they do not play an important part in the 
st^ldy of cnrbon compounds. A mere mention of their exist- 
ence will therefore suffice for our present purijose. 



Reference has already been made to a class of iiodies con- 
taining the group KO,, and known aa uitn>-eoiii pounds. They 
are most readily made by treating \,\\e \\'50«(iciw\y3'Q!fc ■wSii.TssSJ^*^ 
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acid. This method, however, is not applicable to the hydro- 
carbons methane and ethane and their homolognes, as these may 
be treated with nitric acid without undergoing change. The 
hydrfxjarbon benzene, CgHe? is acted upon very easily by nitric 
acid, when the reaction represented by the following equation 
takes place ; — 

CflHe + HO.NO2 = CgHs.NOs + HsjQ. 

Tlie action is like that which takes place between snlphuric 
acid and Ijcnzene, which gives the sulphonic acid CeHj-SOgOH 

or ^jr^>^^h' (Seep. 76.) In each case a hydroxyl of the 

acid is replaced by the simple residue of the hydrocarbon. The 
pnxluct in the case of the bibasic acid, sulphuric acid, is itself 
Htill acid, while the product in the case of the monobasic nitric 
acid, is not an acid. 

Tlie nitro-derivatives of methane have been made by a reac- 
tion wliich we would expect to yield ethereal salts of nitrous 
acid ; namely, by treating iodo-methane or ethane with silver 
nitriU; : — 

CII3I + AgNOg = CH3NO2 + Agl. 

The (U)Ui\)<)uni\ CILj.NOa, which is known as nitro-metJiane^ 
doi'H not rrondiict itself like the ethereal salts of nitrous acid. 
The iatt(;r are unstable bodies, while the former is stable. 

NoTK KOK Stitdknt. — Compare the reaction just referred to with 
that wlitdi takes place between silver cyanide and iodo-methane ; and 
that wlifeh takes place between iodo-cthane and potassiam sulphite. 
What analogy Is there to the former and to the latter? 

It has alr(;adv been stated that tlie nitro-derivatives are con- 
vertxtd by ntisctent hydrogen into the corresponding amido- 
derivatives (see p. 07). 

NoTK FOR Sti'dknt. — Writc the equations representing the reac- 
tions necessarj'' to convert methyl alcohol into raethyl-araine by means 
0/ the nJtrrM!ompound. 
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Nitroform, OHCNOj>a, as the formula iiidicatca, is tiie tri- 
ll itro-dei'ivative of methane, or tri-nitro-methane. It is con- 
verted into leira-nitro-metkane, C(N03)„ when treated with a 
mixture of concentrated Btilpbunc and fuming nitric acids. 

Nitro-ohloroform, C(NO,)Cls, called also oldorpierin and 
viU-o-tnchlonnetkane, is formed by diBtilling methyl or ethyl 
alcohol with common salt, saltpetre, and sulphuric acid. It is 
formed from a number of more complicated nitro-componnds, 
by distilling them with bleaching lime or hydrochloric acid and 
potoftsimu chlorate. 
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comimund containing tlie group CH is treated with 
lUB acid, a reaction takes place, which ia represented thus : — 
R.CH + no. NO = R.C.NO + HjO. 
The product E .C . NO, which ia derived from the original sub- 
stance by the substitution of the group NO for a hydrogen 
atom, is called a nitroao-compound. By oxidation the nitroso- 
eoinponnda are converted into nitro-componnds, and by reduc- 
tion they yield the same products aa the correaixinding nitro- 
compounds. 

The iaonitroso-compounda are isomeric with the nitroso-com- 
pounds. They arc formed whenever acetones or aldehydes are 
treated with hydroxylamiue, NHj.OII. Assuming that tlie 
hitter substance ia really a hydroxyl derivative of ammonia, the 
reaction may be represented thns : — 



CH, 



cn. 



I I 

CO -|-HsN.01I = C-N-0H -l-HiO. 



The hydr<^en of the hydroxyl has acid properties. The i9<>- 
nitroso-coniijounds are readily brokeu u^, ^teVlva^, w. ws^si ^ 
t&e prodacta, ii^Tlroxjlimiine. 
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Pulminio acid, C2N2O2H2, according to recent investiga- 
tions, appears to be an isonitroso-compound, and for that 
reason finds appropriate mention in this place. The principal 
compound of fulminic acid, is the mercury salt, C2N202Hg, 
commonly known as fuhninating mercury. It is prepared by 
dissolving mercury in strong nitric acid, and adding alcohol to 
the solution. It is extremely explosive. Mixed with potassium 
nitrate it is used for filling percussion-caps. 

When fulminating mercury is treated with concentrated hydro- 
chloric acid, it yields hydroxylamine as one of the products of 
decomposition. This is regarded as evidence that fulminic acid 
is an isonitroso-compound. As will be seen, fulminic acid is 
isomeric with cyanic and cyanuric acids (see pp. 83 and 84) . 



CHAPTER Vn. 






:VATIVE3 OF MBTHAXB AND ETHANE CON- 
TAINING PHOSPHORUS, ARSENIC, ETC. 



Phoaphorus compounds. —Corresponding to the amines or 
substitiitKjd (immoniiia are the phospbioes, which, aa the uame 
implies, arc related to pboaphihe, PHj. Methyl-phoaphiue, 
PHa.CHa, di-methyl-phosphiiie, PH(CH3)j, and tri-metliyl- 
phoBphine, P(CH3)j|, may be taken aa oxamplea. 

These aiibstancea, like the correa ponding amines, form salts 
ivitli acids, though not as readily. The hydroxide, tetra-etkyl- 
jihosphoniwm hydroxide, P(CsH5)..0H, is a very strong base, 
though not as strong as the correspouding nitrogen derivative. 

The phoaphiues have one marked property which distin- 
guishes thein from the amines, and that is their power to take 
lip oxygen and form acids. Thus, ethyl-phosphiue, PHj.CaH,,, 
when treated with nitric acid, is converted into elhyl-}>hos- 
phinie acid, PO(C;Hj)(OII)a, a bibasic acid, bearing to phos- 
phoric acid the same relation that the sulphonlc acids bear to 
sulphuric acid. 

Note for Student. —What Is tlie relation? What other class of 
Bclds bears tlie same relation to carbonic acid? 

Di-ethyl-phoBphiue,Pn(CaHt)s, yields ds-e(ftj/Z-j)ftosp/u'wic acid, 
P0(C,nj)3.OH, when oxidized. 

These comimunds are not commonly met with, and do not 
play a very important paii in tlie study of the cora[X>unds of 
carbon. 



Araenic compounds. - 

Bopound containing arscn' 



- Tlie most characteristic carbon 
; jn that whieli in known ua cacodyl. 
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a name given to it on account of its extremely disagreeable 
odor (from xaKajSiys, stinking) . It is prepared by distilling a mix- 
ture of potassium acetate and arsenic trioxide. The reactions 
which take place are very complicated, and many products are 
formed. Chief among the products is cacodyl oxide : — 

4CH3.CO2K + AsA = [(CH3)2As]20 + 2X2008 + 2CX)2. 

When treated with hydrochloric acid, the oxide is converted 
into the chloride (CH3)2AsCl ; and, when the chloride is treated 
with zinc, cacodyl itself is produced. Its analysis and the 
determination of its molecular weight lead to the formula 
AS2C4H12, which in all probability should be represented thus: 

Irn'i^^ [ . Cacodyl appears thus as a compound analogous 
to the h^'drazines referred to above. (See p. 99.) 
Note for Student. — In what does the analogy consist? 

Many derivatives of cacod^'l have been made, but their study 
would hardly be profitable to the beginner. 

By treating the chlorides of silicon, boron, and many of the 
metals with zinc ethyl, Zn(C2ll5)2) many similar ethyl deriva- 
tives have l)een made. 

Zinc ethyl itself is made by treating iodo-ethane, CsHsI, 
with zinc alone or with zinc sodium : — 

ZnNa^ + 2 C2H5I = Zn(C2H5)2 + 2 Nal. 

It is a liquid boiling at 118°. It takes fire in the air, and bums 
with a white flame. 

Sodium-ethyl, CaHsNa, may be obtained in combination 
with zinc etliyl b}' treating the latter with sodium. Both these 
compounds have been used to a considerable extent in the syn- 
thesis of carbon compounds, particularly the more complex 
hydrocarbons, and they will be frequently referred to in the 
foUowiDg pages. 
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NOTK TOR Studknt. — What la formed wlieo soclium inetbyl and 
carbon diaxide are alloweti to act npon each other? 

Many of the derivatives, like the above, are volatile liquids. 
Such, for example, are mercury ethyl, Hg(C2Hj),, aluminium 
ethyl, Al(CjIIj)a, tin tetrethyl, Su(C2Hj)4, and aiiicon tetretliyl, 
Si(CsHj)4, Tho Btiidy of those compounda has heen of assist- 
ance in enahliug cheuiiats to determine the atomic weights of 
some of the elements which do uot form simple volatile 
compounds. 

Retrospect. 

In the introductory chapter (p. 19) these words were used in 
deacribiiig the plan to he followed: "Of the first series of 
hydrocarbons two members will be considered. Then the de- 
rivatives of these two will be taken up. These derivatives will 
serve admirably as representatives of the corresponding deriva- 
tives of other hydrocarbons of the same series and of other 
series. Their characteristics and their relations to tbe hydro- 
carbons will be dwelt |][>0D, as well as their relations to each 
other. Tlius, liy a comparatively close study of two hydro- 
carbons and their derivatives, we may acquire & knowledge of 
tho principal classes of the compounds of carbon. After these 
typical derivatives have been considered, tJie entire series of 
liydrocarbons will be ta.ken up briefly, only such facts being 
dealt with at all fidly as are not illustrated by the first two 
members," 

In accordance with the plan tlius sketched we have thus far 
considered tlie principal derivatives of the two liydrocarbons, 
mettiane and ethane, so far as these derivatives represent dis- 
tinct classes of comgrannds. These derivatives were classified 
fi rat into (1) those containing halogens; ("2) those containing 
oxygen; (3) those containing sulphur; and (4) those contain- 
ing nitrogen. On examining each of these classes more closely, 
we found that the haUigeii derivatives, such as chlor-methane, 
brora-etbane, etc., bear very svmvi^a i:e\3.\Aci\\* \o ifssfi^i i^Sas^. 
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We fouod that under the head of oxygen derivatives, the most 
important and moat distinctly characteristic derivativee of 
hydro-carbons are met with ; as, the alcohols, ethers, aldehydes, 
acids, ethereal salts, and ketones. The Bulphur derivatives, 
some of which closely reaemble the oxygen derivatives, iucluiie 
the sulphar ulcoholn or merciipiajis, sidphur ethers, and sulpltonic 

On beginning the consideration of the nitrogen derivatives 
we found it desirable first to take up certain (lerivativeB con- 
taining the eyanc^eu group, among which are cyanogen, hydro- 
cyanic acid, cyanic acid, and snlphoejauic acid. Many interest- 
ing carbon compounds are closely related to these fnudaraental 
compounds. Such, for example, are the cyanides and car6a- 
mines, the cyanates and isoeyaiiates, the sulpko-cTfanates and 
iso-swip/io-cytmaies or mitstard-oUs. Following the compounds 
related to cyanogen, we took np the interesting compounds 
which arc related to ammonia, the substituted ammonias or 
amines. Then came the nitro-derlvatives ; and, finally, the 
compounds of the hydrocarbon residues or radicals with metals. 

It is of the greatest importantie that the student should 
master the preceding portion of this book. If he studies care- 
fully the reactions which have been considered, and which are 
statements in chemical language which tell us the conduct of 
the various classes of derivatives, and if he performs the ex- 
periments which liave been described, he will have a fair general 
knowledge of the kinds of relations which are met with in con- 
nection with the compounds of carbon through the whole field. 
As stated in the Introduction : " If we know what derivatives 
one hydrocarbon can yield, we know what derivatives we may 
ospect to find in the case of every other hydrocarbon." 

The more the student practises the use of the equations thus 
far given, the better he will be prepared to follow the remain- 
ing jwrtions of tlie book. Indeed, it may be said that, if lie 
thoroughlj- undcrstanda what has gone before, what follows will 
apjMfur extremely simple. Wheveaa, \1 \i& ba*, ?a.\lwl &t any 
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point to catch the exact meaniDg, if he has failed to Bee the 
coDDection, he had better go back and taitMuUy review, or ho 
will soon find his mind hopelcBsly muddled, and relatione which 
are as clear as day will be concealed from him. 

A very excellent practice is to trace connoctionB between the 
different claeaes of compounds, and show how to piiss from one 
to the other. Thus, for example, (1) Bhow by what reactions 
it is possible to pass from niarah gas to acetic acid. (2) How 
can we pass from ordinary alcohol to ethylidene chloride, 
CHj.CHCL,? (3) What reactions would enable us to make 
methyl-amine from its elements? (4) How may acetone be 
made from methyl-amine ? (5) What reactions are necessary in 
order to make ordinary ether from ethyl-amine? etc., etc. It 
is well in this sort of practice to select what appear to be the 
least closely -related compounds, and to show then how we may 
pass from one to the other. Be sure to select representatives 
of all the classes hitherto mentioned, and to bring in all the 
Mmportant reactions. 



CHAPTER VIII. 

THE HYDROCARBONS OF THE MARSH-GAS 
SERIES, OR PARAFFINS. 

The existence of the homologous series of hj'droearbons be- 
ginning with methane and ethane was spoken of before its first 
two members were considered. A general idea of the extent 
of the series, and of the names used to designate the members, 
may be gained from the following table : — 



MARSH-GAS HYDROCARBONS. 


Paraffins. — Hydrocarbons, 


CnH2n + 2« 




Boiling-Polnt. 


Methane .... CH4 


. . gaSi 


Ethane . 


. 


. 


• i-'sde 


. . gas. 


Propane 


• 


. 


L-sHq 


. . gas. 


Butane . . 




> < 


. 1^4x120 . 


. . 1°. 


Pentane 




• 


(^5X122 . « 


. 38 . 


Hexane 




• 


. L/g£li4 . , 


. . 70°. 


Heptane . 




. 


^jH-m 


. 98.4°. 


Octane . , 




« 


C-gH-iQ . . 


. 125°. 


Nonane 




• 


V/9H20 


. 148°. 


Dodecane . 




. 


C12H26 a 


, 202°. 


Hecdecane 




• 


Cj({H32 • • 


. 278°. 



The explanation of the remarkable relation in composition 
existing between these members, a relation to which the name 
homology is given, has already been referred to (p. 22) . The 
number of hydrogen atoms contained in a member of this series 



^^^■bears a constAii 
^^^Texprcssci] in tli 
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i 



.rs a constAiit relation to the nuinbGr of carbon atoms, 
'expressed in tlie general formula C„H„|+:. Ou examining tho' 
column headed " Boiliug-Point " it will be seen that, as we paaa 
upward in the series, the boiliug-point becomes higher and higher. 
The flrat three members are gases lit ordinary temperatures, whila 
tile highest boils at 278°. The elevation in the boiling-point ie 
llo some extent regular, as will be observed. The differencft 

itween butane, C^Utoi and pentane, CjHj,, is 38 — 1=3 
that between peutaue and the next member ia 70 — 38 = 3 
between he.'sane and heptane it ia 98.4 — 70 = 28.4°; between 
heptane and octane, 125 — 98.4 = 26.6°; and, finally, between 
oftane and nonane the difference ia 148 — 125 = 23°. Thus it- 
will be seen that the elevation in boiling-point caused by the 
addition of CUj decreases as we pass upward in the series. 
Other relations have been pointed out, but it would be prema-' 
tore to discuss them here. 

The chief natui-al source of the paraffins is petroleum ; butr 
althougli this substance, which occurs in such enormous quanti-' 
ties in nature, undoubtedly contains a number of the members' 
of the paraQiu series, it is an extremely difhcnlt matter 
isolate them IVom the mixture. Prolonged fractional distilla-; 
tion is not sufficient for the purpose. If, however, some of 
purest products which can thus be obtained be treated with! 
coiK-CTitrated sulphuric acid, and afterwards with <:on centra ted' 
nitric acid, and then washed and iLdistiUed, they may be 
obtained in pure condition 

Petroletiin. — Petioleum oicurs m enormous quantities in 

veral places. Among the most important localities are 

Pennsylvania, the (.rimea, the Caucasus, Persia, Burmah, 

China, etc. In some places it issues constantly from the earth. 

Usually it ia necessarj t« bore for it When one of the cs 

ties in which it is contained is punctured, the oil is forced cut 

a pipe inserted into the openmg in a ]et, in consequence of 

preesm'e exerted irpon it by the gaseous conatitueata- 
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first obtaioed, it is iisuaUy a. dark, yellowiah-greeu liquid, witii 
an unpleasant odor. It varies in tipjiearanee acfording to the 
place in which it is fonnd. American petroleum contains the 
lowest members of the paraffin series ; and when the oil i 
exposed to the air the gases are given off. 

Refining of petroleum. To render petroleum fit for use i 
lumps, it is necessary that the volatile portions should be 
removed, ns they form explosive mixtiffos with air, jnst as 
marsh gas does. It is also necessary to remove the hig] 
boiling porfJoiiB, because they are semi-solid, and would clog 
the wicks of the lamps. The crude oil is therefore subjected to 
distillation, and only those pai-ts which have a certain specific 
gravity or boil between certain points are used for illuminating 
purposes, under the name of kerosene. Besides being distilled, 
the oil must further be treated with concentrated sulphuric 
acid, which removes a nimiber of undesirable substances, and 
afterwards with an alkali, and then with water. All these 
processes taken t(^etber constitute what is called the refining 
of petroleum. In the distillation, tbe lighter products are 
usually divided into several parts, according to the specific 
gravity or boiling-point. Thus we have the products cymogene, 
rhigolene, gasoline, ruiphtha, and benzine, all of which oro 
lighter than kerosene. It must be distinctly understood that 
none of the substances here mentioned are pure chemical sub- 
stances. The names are commercial names, each of which 
applies to a complex mixture of hydrocarbons. From the 
heavier products, that is, those that boil at higher tempera- 
tures than the highest limit for kerosene, para£in, which la a 
mixture of the highest members of this series, is made. 

Owing to the danger attendant upon the use of improperly 
refined petroleum, laws have been enacted relating to the 
prtJperties which the kerosene exposed for sale must have. 
These laws, which differ somewhat in different countries aitd 
different parts of the same country, relate mostly to what is 
c^et) tiie Jiashing-^oint. This is tho temperature to whidi the 
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(^1 mast be heated before it takes Sre when a, flame is nppUed 
to it. The legal flashing-point in many purta of the United' 
i 44°. Various forms of apparatus have been de- 
Tised for the purpoac of making thu determination of the 
flasliing- point as accurately as possible. Among them the fol- 
lowing commends itself by its simplicity : 
The cylinder ^ is 2 to 3'^'" in diameter and 
iO to IS"™ long. Just withio the wooden 
cork the bent tube contracts to a small 
(»iflce. At d it is connected by rabber- 
tabing with a source of compressed air 
■l(hand-bellow8 or gas holder), the flow of 
Vhich can be controlled by the pinch-cock. 
■A is about one-third filled with kerosene, 
,iiuid secured in a clamp, so that it plunges in 
»water-bath to the level oftheoil. Air is ^' 

tow passed through deb, and e so adjusted that about 0.5™" 
foam is kept on the surface of the oil. From degree to degree 
the test is made by bringing a small flame for au instant to the 
month of A. At the flashing-point the vapor ignites, and the 
bluish flame runs down to the surface of the oil. 




Experiment 31. Make a 
B flashing- points of two o 
.be available. 



1 apparatus like the iibove, and determine 
three speciraens of koroaeno which may 



Synthesis of the paraffins — Although the paraffins do 
occur in nature, and some of tliem may be obtained in pure con- 
dition fVom natural sources, we are dependent upon synthetical 
operations perfoi-med in the laboratory for oiu- knowledge of 
the series and the relations existing between them. 

We have already seen how ethane may be prepared from 

ithaue by treating methyl iodide with zinc or sodium, as repre- 

■ted in this equation : — 

CHjI + CHal -h 2 Na = C^ + 2 NM. 
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This mathod Iulb lieen estensively used in tho bnildiug up of 
higher members of tlie Bpries- ThiiB from elfaatio we may make 
etiiyl iodide, imd by treutiiig tliia with sodiiuu get buUiu© 
C,Hio : — 

CjHjI + OjH^I + 2 Na = C,H,„ + 2 NaT. 

But wo may get the intermediate member, propane, C^lgi by 
mi:£ing methyl iodide and ethyl itxlidc and treating the mixture 
with Budiiiiii : — 

CHJ + CaHjl + 2Na = CII^.C^H, + 2 Niil. 

By applying thia nietbiHi. it is jihiin that u large number of tlio 
membera of the paraflin aeries might be made. 

Another mothwl consists in treuting the zinc comjxmnds of 
the radicals, like zinc ethyl, Zn(CslI,i)v, with the iodides of rad- 
icals. Thus zinc methyl and methyl iodide give ethane ; zinc 
ethyl and ethyl iodide give butane ; zino ethyl and methyl 
.iodide give propane, etc. : — 

W Zn{Cil,).i + 2CHJ = 2C,Ha + Znlj; 

W Zn(C,Uj), + 2 C^il = 2 C.Hk, + Ziil, ; 

Zn(CiHs), + 2 CH3I = 2 CsHs + Znl,. 

Paruffins may bo made by replacing the hiilogen in a substitu- 
tion-product by hydrogen. Thia may be effected liy uaaeeut 
hydrogen or by hydriodic acid ; — 

C,H,I + 2 H = C 3u + HI. 

Finally, the paraffins may be made by heating the acids of the 
formic acid series with an alkali. Thia has been iUustrated by 
Oie |>rcparatioa of niai'sh gas from acetic acid by heating with 
lime and caustic potash. The reaction may he written thus : — 

CHj.CO.K + KOH = CH^ + COuKa. 

The jirodocts are a iiydroearbon and a carbonate. 
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IsomeriBin axnongr the paraffins. — It has already been 
stated that the evidence is aknost conclusive that each of the 
four hydrogen atoms of marsh gas bears the same relation to the 
carbon, and hence we believe that, as regards the nature of the 
product, it makes no difference which hydrogen atom is replaced 
by a given atom or radical. According to this, as ethane is the 
methyl derivative of marsh gas, it makes no difference which of 
the hydr(^en atoms of marsh gas is replaced by the methyl, the 
product must always be the same, or there is but one ethane 

possible according to the theory. This is represented by the 

H H 

i I 
formula, H — C — C — H, or HjC — CH,. In ethane, as well as in 

H H 
methane, all the hydrogen atoms bear the same relation to 

the molecule, and it should make no difference which one is 

replaced by methyl. But propane is regarded as derived from 

ethane by the substitution of methyl for hydrogen ; and, as it 

makes no difference which hydrogen is replaced, there is but 

one propane possible. Only one has ever been discovered, and 

this must be represented thus : — 

H H H 
I I I 
H-C-C-C-H, or CH3.CH2.CH3. 

Ill 
H H H 

Now, continuing the process of substitution of methyl for hydro- 
gen, it appears that the theory indicates the possibility^ of the 
existence of two compounds of the formula C4H10. One of 
tliese should be obtained by replacing ])y methyl one of the three 
hydrogens of either methyl group of propane. It is represented 
by the formula : — 

H H H H 

I I I I 
H - C - C - C - C - H, or H3C.CH2.CH2.CH3. 

I I I I 
II II 11 11 



H H 



-CH,. 
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The other shoulil be obtained by retracing bj methvl one of the 

two hjdrogens of the group C'll: contained in proiMute. This 

^^T jrould give a hyibocarbon of tlie fonnnla ; — 

H H H 

The theory then indicates the csristence of two butanes. How 
atmnt the facts? Two, and oclj" two bntanes have been discoT- 
ered. The first, which oconrs in American |>elroleiim, has been 
made sjiithetically by treating ethyl iodide with zinc ; — 

aCHj.CHJ + Zn = CH,.CH,.CH,.CH, + Znl,. 

The method of eynthesiB clearly shows wliich of the two poesi- 
ble isoroerides the product is. It is known as normal butane. 
It is a gas which can be condensed to a liquid at +1*. 

The second, or isobutane, is made from an alcohol which 
will be shown to have the stmctnre represented by the formula 
CH, 

CH,-C-On (see Tertiary Butyl Alcohol, p. 124),byrepladng 

a gas which becomes liquid 



CH. 
ttie hydroxyl by hydrt^en. 



The differences between the two butanes arc observed princi- 
pally in their derivatives. 

Applying the same method of consideration to the next 
member of the eeries, how many iBomeric varieties of pentane, 
C.Ilu, may we expect to find? The question resolves itself into 
a determination of the number of kinds of hydr<^en atoms con- 
tained in the two butanes, or the number of relations to the 
medecaie represented among the hydrogen atoms of the butaow. 



I'ENTANES. 

ITe can make tbia determinaldon beBt bj examiuiiig tl 
iral formolos. Take flrat normal butane : — 

H H H II 

[III 
H-C-C-C-C^H. 

I I I I 

H II n II 

L In this there are plainly two different relations 
I viz., that of each of the six hydrogens in the two methyl groups, 
il that of each of the four hydrogens of the two CH, groups. 
EThe two possible methyl derivatives of a hydrocarbon of this 
tonnula are therefore to be represented thus : — 



HaC.CHj.CHj.CHj.CHs, 
H„C.CH..CII<™''. 



pTow, taking isobutane, nC — CH,, we see that it consiets of 

CH, 
bree roethyl gronps, giving nine hydrc^en atoms of die same 
, and one CII group, the hydrogen of which bears a dif- 
ferent relation to the molecule from that which the other nine 
There are therefore two possible methyl derivntiveB of 
lobutane which must be repreaentfid thus : — 



I 

and HaC - C - CHj. 
I 



(4) 



CHs 

I 

|SC-cn,.CHa 

I 

CH, 

We have, therefore, apparently four peutaiiea. But on compar- 
ing formulas (2) and (:I), it will be seen tluit, tliongh written ft 
little differently, they really represent one and the same com- 
L~|K>uud. TliUB the number of peutaues, the existence of which 
' I indicated by the theory, is three, aud these are represented 
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by formulaa (1), (2), and (4). T/te^ are ail known. The 
(irst is called normal pentane, the Becond iso-pentane ur 
di-methyl-ethyl-methane, .-md the tliL'd tetra-methyl-nie- 
thane. 

It would lead too far to discuss nil the methods of prepara- 
tion and the properties of these hjdrocarbous. It will be seen 
that the methods of preparation show what the structure of a 
hydroearboB is. Di -me thy 1-ethyl-m ethane is made from aa 
alcohol which caa be shown to have the formula 

^J?° > CH .CHa .CHjOH, 

by replacing the hydroxyl by hydrogen. Hence ita structare ia 
that represented above by formulas (2) and (3). 

Tetra-methyl-methane is made by starting with acetone. 
Acetone has been shown to consist of carbonyl in combina- 
tion with two methyl groups, as reproaenled in the formula 
CHj— CO— CH,. It has also Imen shown that, by treating 
acetone with phoaphorna pentachloride, the oxygen ia replaced 
by chlorine, giving a compound of the formula CH;i—CCla—CH(. 
Now, by treating this chloride with zinc-methyl, the chloiine is 
replaced by methyl thus : — 

cn, 

I 

CHj-CClj-CII^ + Zu(Cn,).= CIIs^C-ClIs + ZnCl,. 



The product is tetra-methyl-methane, and the synthesis thus 
effected shows at once what the structure of the product ia. 

HexaneB. — The student will now be prepared to apply the 
tlicory to the determination of the number of hexanca possible. 
He will find that there are five. 1'he thoorj' is, in thia case as in 
the |)reeeding, in perfect accordance with the facts. There are 
Jive and onl^v five hosanes known. Only the names and formiU' 
^jSm ofiheee will be given here •• — 



. Normal hexane, CHa.CHa.CH,.CH,.CH,.CH,. 



2. Iso-hexane, CH,.CH,.CH2.CH<^^'. 
S. Methyl -di-ethyl-methane, ClI,i.CH|< 



. Tetra-methyl-ethane, 



CH, .CHj 
CH,.CHa" 



CHj 

I 



. Tri-methyl-ethyl-methane, H,C— C— CHj-CHs. 

1 

CHg 

k P&SBing upward, we find that nine heptauca are possible 
Mfding to the theory, while bnt four have thns far been 
iBCOvered ; and that, while theory indicates the posBibility of 
the discovery of eighteen hydrocarbons of the formula CbHu, bat 
three are known. The theoretical number of isomeric varietieB 
of ttie highest members of the series is very great, but our 
knowledge in regard to these highest members ia very limited, 
and it is imposaible to say whether the theory will ever be 
eonllrmed by facts. It may bo tliat there is some law limiting 
the number of complicated hydi'ocarbons. It is, liowever, idle 
to apeeulate ui>0)i the subject at present. It is well for us to 
_J(eep in mind that a thorough knowledge of a few of the simplest 
■embers of the scries is all that is necessary for the present. 

I examiniug the formulas used to express the structure of 
« hydrocarbons, we find that they may be divided into three 

I ■(!) Those in which there is no carbon atom in combination 



li more than two othen 

Normal butane 
Normal pen lane 
Normal hexane 



. CHs.cn..cn„; 

. CHa.CHa-CHj.CHj; 

. C'lIj.Crii.Cn,.CH,.CH8; 

. C'lla .CH; .CH. X'll, .CH, .CHj. 
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(2) Those in which there is at least one carbon atom in 
combination with three others ; as, — 

Isobutane . . . . CH3 .CH < ^^^ ; 

Isopentane . . . CH3.CH2.CH<^^^ 

CH3 

Isohexane .... CH3.CH2.CH2.CH2< ^; 

CH3 

Tetra-methvl-ethane, ^^^ > CH-CH < ^^«. 

' H3C CH3 

Those in which there is at least one carbon atom in 
combination with four others; as, — 




CH3 
CH3 

and Tri-methyl-ethyl-j " 

methane j ' ^2H5-C-CH3. 

CH3 

The members of the first class are called nm^mal paraffins; 
those of the second class, iso-paraffins; and those of the third 
class, neO'paraffins, 

Only the members of the same class are strictly comparable 
with each other. Thus it has been found that the boiling-points 
of the normal hydrocarbons bear simple relations to each other, 
and that the same is true of the iso-paraffins ; but, on compar- 
ing the boiling-points and other physical properties of normal 
paraffins with those of the iso- or neo-paraffins, no such simple 
relations are observed. 



NOMENCLATURE. 119 

Regarding the names of the paraffins, the simplest nomen- 
clature in use is that according to which the hydrocarbons are 

all regarded as derivatives of methane. Thus we get the 

f C,H, 

i H 

name ethyl-methane for propane, C i ^ ; tri-methyl-methane 

f CH3 [ „ f CH3 

I CH I CH 

for isobutane, C i ^ ' ; tetra-methyl-methane, C j ^ ', etc. 

I- H ' ' I Cl4 




CHAPTER TX. 



OXYGEN DERIVATIVES Of THE HIGHER MEM- 
I BERS OF THE PARAFFIN SERIES. 

We are now to take up the lierivativea of the higher loem- 
bera of theoiaraffln series, just na wu took up the derivatives of 
methane an^^thaiie. Not much need be said in regard to the 
halogen derivatives. A few of them will he mentioned in 000* 
nection with the corresponding alcohols. The chief aubstanceS' 
whicli will require atteution are the alcohols and acids. 

I 1. Alcohols. 

Normal propyl alcohol, CjH;.OH. — IVhen sugar under- 
goes fermentation, a little propyl alcohol is alwajs formed, and. 
is contained in the " fusel oil." From this it may he separatect 
by treating those portions which hoil between 85° and HO* 
with phosphorus and bromine. The bromides of the alcohols 
present are thus formed (what is the reaction?), and these are 
separated by fractional distillation. The bromide correspond-' 
ing to propyl alcohol is then converted into the alcohol (hoi*^ 
may this be done?). 

It is a colorless liquid with a pleasant odor. It boils at 07.4** 
(compare with the boiling-points of methyl and ethyl alcohol). 
It conducts itself almost exactly like the two first members of 
the scries. By oxidation it is converted into an aldehyde,. 
CgHgO, and an acid, CslIgOj, which bear to it the same relatioua 
lat acetic aldehyde and acetic acid bear to ethyl alcohol. 

Seoondarr propyl or iaopropyl aloohol, GjHi-OH. — 
"be reasons for regarding the alcohols as hydroxjl derivativeB- 
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of the hydrocarbons have beeu given pretty fully. As the six 
hydrt^en atoms of clhnne arc all of tho same kind, but one 
ethyl alcohol appears to be possible and only one is known. 
But just as there are two butanes or methyl derivatives of pro- 
pnnc, so there are two hydroxjl derivatives of propane ; or, io 
otlicr words, two propjl alcohols. The flrat is the one obtained 
from "fusel oil," the other is the one called secondary propyl 
alcohol. This has already been referred to under the head of 
Acetone (see p. 72), where it was stated that acetone is con- 
verted into secondary propyl alcohol by nascent hydrogen. 
We arc, in. fact, dependent upon this method for the prepara- 
tJon of the alcohol. 

It ia, like ordinary propyl alcohol, a colorless Uquid. It 
boils at 85°, While all its reactions show that it is a hydroxide, 
Huder the influence of oxidizing agents it conducts itself quite 
differently from the alcohols tlius far considered. It is con- 
verted first into acetone, CjIIoO, which ia isomeric with the 
aldehyde obtained from ordinary propyl alcohol ; by further 
oxidation, it however does not yield an acid of tlie formula 
CjUjOj, as we would expect it to, but breaks down, yielding 
two simpler acids; viz., formic acid, CHjOj, and acetic acid, 
C,H,0,. 

Secondary alcohols. — Secondary propyl alcohol ia the 
simplest I'eprescntativc of a. class of alcohols which are known 
as secondary aleohoh. Thej' are made by treating the ketones 
with nascent hydrogen, and are easily diatiuguifched from olber 
alcohols by tJieir conduct towards oxidizing ageuta. They 
yield acetones containing the same number of carbon atoms, 
and then break down, yielding acids containing a smaller num- 
ber iif carbon atoms. 

Ia there anything in the structure of tboso secondary alcohols 
to suggest an explanation of their condnct? Secondary pro- 
pyl alcohol ia made from ;icetone by treating with nascent 
hydrogen. Acetone contains two methyl q»vi.>^ wui, tw^wsa-^. 



w 



I 
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OS represented l>y the rormiila CH,— CO— CH,. The eim- 
pleet change that we can imagine as taking place in this com- 
pound under the iuflueuce of hydrogen is that represented in 
the following equation: — 

CHj-CO-CHj + H, = CHj-CH.OH-CHj. 

The verj" close connection existing between acetone and second- 
ary propyl alcohol, and the fact that there are two methyl 
groups in acetone, make it appear probable that there are also 
two methyl groups in secondary propyl alcohol, as represented 
in the above equation. On the other hand, the easy Iranafor- 
mation of primary propyl alcohol into propionic acid, which can 
be shown to contain ethyl, shows that in the alcohol ethyl is 
present. Therefore, we may conclude that the difference 
between primary and secondary propyl alcohol is that the 
former is an ethyl derivative and the latter a di-methyl deriva- 
tive of methyl alcohol, as represented by the formulae ; — 



CHj.CH, ^CHj 



DimeLbyl ni«h;1 aleo- 



Primary propyl alcohol is methyl nhohol in which one hydrogen 
is repl.a,ced by a radical, while seoonilary propyl alcohol is 
methyl alohol in toJiick tvio hydrogens are replaced by radicals. 
An examination of all secondary alcohols known shows fliat 
the above statement may be made in regard to all of tJiem. 
They raiiet be regarded as derived from methyl alcoliol by the 
replacement of two hydrogen atoms by radicals. The alcohols 
of the first class, like methyl, ethyl, and ordinary propyl alco- 
hols, which are derived from methyl alcohol by the replacement 
of one hydrogen by a radical, are called pnmar>! aleokols. 
Another way of atatiug the differettce between primary and 
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secondary alcohols is this : Primary alcohols contain the gronp 
CHjOH; secoiidHry alcoholB contain the group CHOR. Those 
statements, as will be seen, are corollaries of the first ooes. 

A primary alcohol, when oxidized, yields nii nldi-iiyde i\iid nn 
acid cODtaibiDg the same Dumber of carbon atoms as the 
alcohol does. 

A secondary alcohol, when oxidized, yields an acetone, and 
then an acid or acids containing a smaller number of carbon 

Recalling what was said regarding the nature of the changes 
invoIve<1 in passing from an alcohol to the corresponding alde- 
hyde and acid, we see that the formation of the acid is impoasi- 
hle in the cuae of a secondary alcohol. lu the case of a 

primary alcohol, we have: — 



c\ U C J OH. 



Lo Lo 

Aldehyde. Acid. 

In the case of the secondary alcohol, we have : - 

R 

R 

H 

OH 

Further jntrochiction of oxygen cannot take place without a 
l>ri'akiug down of the compound. It will be seen that the 
formulas used to express the etructure of the compounds are 
retnarkably in accordance with tlie facts. 

Butyl alcohols, C.Hv.OH. — Theoretically, there are two 
jwissihle hyJroxyl derivatives of each of tbo two butanes, 
making four butyl alcohols in idl. They are all kuowu. Two 
lue primary alcohols. 




DERIVATIVKS OF THE PARAFFINS. 
1. Normal butyl alcohol. CHa-CHj.CH^.CHj.OH. 
Isobutyl alcohol, ^"'>CH.CHjOH. 



^^V'*The tliird ia a derivativL- of Dormal butane, and is a secondary 
alcohol. 

3. Secondary butyl alcohol, CIi3.CH2.CH <^^ . This 

alcohol is prepared ljy treating ethyl-methyl ketone with nascent 
hydrogen : — 

-OH 



(Compare this witli the reaction for making secondary propyl 
alcohol.) CHj 

4. Tertiary butyl alcohol, CH3-C-OH. The fourth butyl 

CHj 
alcohol has properties which distinguish it fVom the primary and 
secondary alcohols. When oxidized it yields neither an alde- 
hyde nor an acetone, but breaks down at once, yielding acida con- 
taining a smaller number of carl>oii atoms. Assuming that every 
primary alcjhol contains the group CHjOH, and that every sec- 
ondary alcohol contains the group CHOH, it follows that the two 
primary butyl alcohols and secondary butyl alcoliol must liave 
the formulas above assigned to them ; itod it follows ftirtbcr, that 

CH, 

the fourth butyl alcohol must have the formula CR, — C — OH, 

CHj 
as this represents the only other arrangement of the constituents 
Iioasible, according to our theoiy. This formula represents a 
condition which does not exist ui either the primary or second- 
aiy alcohols. It ia methyl alcohol in which all the hydrt^n 
atoms, except that in the hydroxyl, are replaced by meUiyl' 
groups, and it contains the group C — (OH) . Such an alcohol' 
in kaowB aa a tertian/ alcohol, and tlie one under consideratitn^, 



^^^^B called terUt 
^^1^ class of wh 
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B called tertiary butyl alcohol. It is the simplest derivative of 
i class of which but few members are known. 

Tertiary hutyl alcohol ie made by a complicated reaction 
which caunot easily be interpreted; viz., by treating acetyl' 
chloride, CHa.COCl, with zinc methyl, Zn(CHa)a. These two- 
Biibatances unite, forming a, crystallized componnd ; and, wheH' 
this is treated with water, it breaks up, yielding several products, 
among which is tertiary butyl alcohol. By taking other acid 

n^K chlorides, and the zinc compounds of other radicals, other 

I^^Mertiar; alcohols may be obtaiDcd. 

^^g>rd 



■ Characteristics of the three Classes of AleoJiols. To recapitn- 
B briefly, we find, in studying the hydrosyl derivatives of the 
fydrocarbona, that they can be divided into thi'ee classes, ac- 
iording to their conduct towards oxidizing agents, 
■ * To what was said above regarding the conduct of primary 
1 secondary alcohols we can now add : Tertiary alcohols 
yield ncitiier aldehydes nor acetones, but break down at once, 
yielding simpler acids. 

The general formulas representing these three kinds of alco- 
J.bols arc : — 

fR ^R |-R 

B , ,, R 






Note vou Student. — Show how tiio formula for the tertiary alco- 
iols Is ia accoritnnce with the fact that these alcohols do not yield 
Idehydcs nor ketones. 



Pontyl alcohols, CiHu.OH.— These alcohols are the hy- 
roxyl (lurivativcs of the pentanea. Eight are [wssible, and 
wren of these are known. Only two of thom need he cou- 
tdured here. These are the so-called amyl alcohals. 
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m ' Inactive amyl alcohol, ™' > CH - CH, - CH.OH. — 
Thia alcohol, together with ut least one other of the same 
compositiou, forms the chief pojl of the fusel oil obtained in 
the fermentation of augur. By fractionni liistillation of fusel 
oil ordinary commercial amyl alcohol is obtained, as a colorless 
liquid, having a penetrating odor, and boiling at 131° to 132°. 
This can be separated by other metUods into two isomeric 
alcohols, one of which is inactive amyl alcohol and the other 
active amyl alcohol. The names refer to the behavior of the 
substances towards polarized light, tlie former having no action 
upon it, the latter turning the plane of polarization' to the left. 
When oxidized, inactive amyl alcohol yields an acid contain- 
ing the same number of carbon atoms, and is, therefore, a 
primary alcohol. The acid has been made by simple reac- 
tions which show that it must be represented by the formula 
^^a>CH.cn,.CO,H. Therefore, the alcohol has the Btnicture 
isentedby the foi-mnia ™'>CU.Ctt,.CH^OH. 



^^Sprei 
■ A( 



CH,' 
Active amyl alcohol, CH,.OH,.CH<p^^„.— This.s 



CH,OH' 

has been stated, is obtained, together with the inactive alcohol, - 
iVom fusel oil. Not euough is known about it to enable us to 
say with certainty whetiier the above formula reprosenta its 
structure or not. It is a primary alcohol as represented. 

The remaining members of the series will not be considered, 
though a list of some of the more important ones is given 
below. As regards the naming of the alcohols, it is best to 
refer them to methyl alcohol, just as the hydrocarbons are 
referred to marsh gas. For this purpose methyl nlcohol is 
called carbiniil, and we then get such names as methyl-carbinol, 
di-ethyl-carbinol, etc., which convey at once an accurate idea 



^^^^ 


1 


^^^^^^^ NOMENCLATTTBB. 


. 1 


concerning the structure of tlic substanees. 


A few illnstrafious H 


will ButHce. Tukc the alcohols considered abovu : — ■ 




.CHj 


Kthyl alcohol is methyl-carbinol. 


An ■• 


!• 


OH 


w 


rCUfiU, 


Primary propyl alcohol ia etkyl-carhinol. 


H" ' 




OH 




fCH, 


Socondaiy propyl alcohol ia di-methyl-\ 
mrbinal, i 


c ™.. 


H ' 


J_ 


l-OH 


■ 


(■CH, 


^^Dertiary butyl nloohol ia M-methi/l-carbinoI 


i CH,' 


y 


I OH 




rCH,.CH<'^*^" 




CH. 


Inactive amyl ulcohol ia isobulyl-carbinol, 


C H 




" 




I OH, etc., etc.. 


a name given to it on account of the presence in it of tlie iso- 1 


^^ bn^I group CIIj.ClI < cj|^ 


1 


^^H The following table will give an imperfect idea of the extent 1 


^^"4o which the series of alcoLols ilerived from the paraffins is U 


developed. There are eight hesyl alcoliols and four heptyl | 


alcohols kuuwn. Of most of the higlie 


r members but one H 


variety is known. They are not imiiortant, except iu so far | 


as they indicate the possibilitv of the 


discovery of other H 


alcohols. 


^^J 
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ALCOHOLS OF THE METHYL ALCOHOL SERIES. 
yEiiii;s C„U;„^i.OU. 

Methyl akoliol CII;i.OII. 

Ethyl ■■ C,H,.01I. 

Propyl '■ CHj.OH. 

Butyl " C^H,.OH. 

Pentyl " CjH,i.On. 

Hesyl '' CaH,8.0H. 

Heptjl " CIIu.OH. 

Octyl " CJIir-OH. 

Noiiyl " Cyii^.OH. 

Cetyl " C,flHs,.OH. 

Ccryl " C^Hm.OH. 

Mjricyl '• CauH^.OH. 

2. Ai.DEin'iiRS. 

In gi'nfml, it follows from n*hat has hocii siiul conooriiing 
the propcrtifB of jirimsiry alcohols, that there should he an 
ahlehyde correepoiiding to evei^ primary alcohol. Many of these 
have been prepared. They resemble ordinary acetic aldehyde bo 
closely that it is unneoessary to take them tip individually. If 
we know the structure of the alcohol from which nii aldt'hyde is 
formed by oxidation, we also know the structure of the alduhvde. 

Besides the one method for tlio preparation of aldehydes 
which has been mentioned, viz., the oxidation of primary 
alcohols, there ia one other wliich shonld be 8]jectally uoticed. 
It consiata in distilling n mixture of a formate and a salt at 
some other acid. Thns, if a niixl.nre of an acetate and a 
formate be distiUed, acetic aldehyde is formed as represented 
bj the equation ; — 

™*.cooS-™-™" + "*<'- 

AU«bydB. 



FATTY ACIDS. 129 

This method haa been used to a cousiderable extent iu making 
the higher members of tho Beries, 

Experiment 32. Mix about eqiiul weights of dr; pottissium form- 
ate and dry sodlmn acetate. Distil (toxn a small flask. Collect sonii; 
of the (lUtlllate in water, and prove that aldehyde is formed. 

■ 3. Acids. 

Foimic and acetic acids are the first two members of an 
homologous series of similar acids, generally called the fatli/ 
adds, on account of the fact that several of them occur in large 
quantities in the natnral fats. The names and formulas of 
some of the principal members arc given in the following 
table. The reasons for representing the acids as compouads 
containing the carboxyl group, COall, have been given, and 
need not here be restated : — 



FATTY ACIDS. 

* C„H,„ .,,.€0,1-1, or C„nj 
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replacing the hydroxyl of tliia Istctic acid by chlorine, a-chlor- 
propiouif acid is formed. It therefore follows tliat formula (2) 
above given is that of a-chlor- propionic acid, and formula (1) 
that of |8-cliloi'-prapionic acid. Fuilher, any id one -substitution 
product of propionic acid which can be made ilirectly fiom 
a-ch lor- prop ionic acid, or converted directly into this acid, is an 
tt-product, and has the general formula 

CHa.CHX.COill; 
and, siinilai'ly, the /3-product£ have the general formula 

CHjS.CHj.COjH, 
in which X represents any univalent atom or group. 

Butyric acids, C,H,O,(C,Hv.C0,H). 

Normal butyric add, CH3.CH2.CIIj.COsH. When butter U 
boiled with caustic potash, the potassium salts of butyric acid and 
of some of the higher members of the series are found in the solu- 
tion at the end of the operation. Butter, like other fats, belongs 
to the class of bodies known aa ethereal salts ; and these, aa we 
have seen, when boiled with the alkalies are decom[>oaod, yielding 
alcohol nud alkali salts of acids (saponification). In the case of 
butter and of nearly all other fats, the alcohol formed is glyeerm. 
Butyric acid occurs also in many other fats besides butter. 

It is made most readily hy fermcututiou of sugar by what is 
known aa tlio butyric acid ferment. This ferment probably is 
contained in putrid cheese. Hen<«, to make the acid, sugar 
and tartaric acid are dissolved in water, and, after a time, 
certain quantities of putrid cheese and sour milk are added, 
and also some powdered chalk. At first the sugar is convert43d 
into gluoosoi — 

CwHsjO,, -1- HjO = 2 CoH,A- 

Cane tagtr. Qlucoie. 

The glucose breaks up, yielding lactic acid, CgllgO,: 
CHijOtt = 2 cyi,Os. 

GlucoiB. LmUo uU. 
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And, finally, the luetic acid is converted into biitjric acid: — 
2C3II0O5 - C.H^O, + 2 COj + 4 11. 
Other methods for the preparation of biitjTic acid are; — 

(1) By oxidation of normal butyl alcohol ; and 

(2) By treating normal propyl cyanide, CH3 .CHa .CHjCN, 
ti caustic potash. 

The acid is a liquid having an acid, rancid odor, like that of 

rancid butter. It boils at 163°. (Compare with the preceding 

a.) Like the lower members of tlie series it mixes with 

II all proportions. 

Ethyl butyrate, CjH, .CO;CjHj. has a pleasant odor Fesembling 

lat of pineapplee. It is used under the name of essence o/ 

mjiplea. 

Isobutyrio acid. Sq > CH.COjH. — From tlio two propyl 
fc»Icohols the two cblorides, propyl chloride, CHa-CHj.CHjCl, 
md isopropyl chloride, '>cnci, can be made, and from 
Qiese the corresponding cyanides, — 

Propyl cyanide CIIs.CHj.CHjCN, 

Isopropyl cyanide .... ^^>CHCN. 



By boiling with caustic potash, the former is convertfid into 
normal butyric acid, aa stated above ; while the latter yields 
isobutyric acid, ">CH.COjH. This acid may l)e prepared 
Iso by oxidizing isobutyl alcohol, '>CH.CHjOIi, It is 

md in natui'c in the carob beau. 

Isohutyric add is a liquid which boils at 154°. Its odor is 

s unpleasant tlian that of the normal acid. 

Valeric acids, Ct,HioO,(0,H„.CO,H), — Four carboxyl do- 
rativoB of the butanes are possible. Four acids of the 
TOula C||H]uOg are known. 



I 
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This acid ia made liy oxidizing inactive amyl alcohol. It 
may also be made (and this reaction reveals the stnicture of 
the acid) by starting with isobntyl alcohol, ^JJ' > CH.CH,OH. 
converting this first info the chloride and tlien into the cyanide, 
and, finally, traoa forming the cyanide, which is ' > CH.CH,CN, 
into the acid. It occurs in valerian root, whence its name. 
is an unpleasant smelUng liquid, boiling at 175°. It requires 
thirty parts of water for solution. 

Amyl valerate, C,Hfl . COjCjHi,, has the odor of apples, and 
niised under the name of essence of apples. 

Active valeric acid, qq^ > CH.CHi.CHj. — This acid 
is prepared by oxidation of active amyl alcohol. Although the 

alcohol turns the plane of [kiIu ligation to the left, the acid 
turns it to tjie right. The alcohol is said to be loevo-rotatory, 
and the acid dextro-rotatory. 



The higher acids of the series are, for the most part, found 
in various fats. They are difficultly soluble in water. The 
highest menibera are solids. The two best known, because 
occurring in largest quantity, are palmitic and sleitric acids. 
Thesti are contained in combination with the alcohol, glycerii 
all the common fats. The fate will bo treated of under the 
head of Glycerin. 

Palmitio acid, CijHji.COiH, may be made by saponifyii 

many fats, but especially palm-oil, from which it ia obtained 
mixed with only one other acid. 
It crystallizes in needles which melt at G2°. 

Stearic acid, C|,Hu.GO]H, is the acid contained in tliat 
/wrtjcnljir fat known aa stearin. The so-called "stearin cmi- 



'. re&lly mtido of a mixtare of palmitic and steario 
I, antl from them stearic acid can be separated in pure form 
loDg-continiiert fractional crjatallization from ether and 

It crj'etallizeB from alcohol in needles or lominiE which melt 
\/Kk 69°. 

Boaps. — In speaking of the decompositions of ethereal salts 
boiling with allialies, it was stated that this process is 
slled saponiflcation because it is best exemplified iu the manu- 
icture of soaps from fats. The fats are tljemaelves rather 
Bomplicated ethereal salts. When they are boiled with an 
i caustic soda, the alcohol is liberated, and the alkali 
B of the acids are formed. These salts are the soaps. They 
e iu solution after the process of sapouifloation is completed, 
i may be sepai-ated by adding a solution of common salt, in 
{trhicb they ai'e insoluble. 

Experiini>nt 33. In an iron pot boll about 100" iif lanl with a 
solution of caustic soda R)r two hours. After cooUng, add a strong 
solution of sodtum chloride. The soap will separate and rise to the 
. l«p of the solution, where it will Anally solidify. Dissolve some of 
a soap lliHB obtained In water, and Alter, ddd hydrochloric acid, 
1 tlie free tu,ty acids, maluly paltDlCic and stearic acids, win 
rate as solids, which will rise to the top. The hydrochloric acid 
mply decomposes the Hodiuin palraitate and stcarate, giving Q'ee 
•Imitic and stearic acids and sodium chlorides: — 

C,iH,|.COjNa + HCl = C,jH„.CO,I! + NaCl, 
Sodium Polmllate. PnlmJlic Ai'ld. 

C„n„.CO,Na + nci = C|;H;u.CO,n + NaCl. 

Sodlom Buwrals. Btesrii: Arid. 



The remaining derivatives of the higher members of the 

^ralHu series include the ethers, ketones, ethereal salt*, 

rcaptauB, sulphur ethers, sulphonic acids, cyanides and 

Myauides, cyanates aad isooyanates, sulplio-cyanatea and 



^!^hl 
Biui 
idei 
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iHO-Bulpbo-cjannteBi substituted nminoniaB and aiialogoiis c 
{loundh, metal derivatives, and nitro-deriyalivca. 

A great many aiitiEtunMss licloDging to these (.■lasacs, and 
containing reaiduea of the higher hy<hxx^avbona, have been pre- 
jinred and studietl ; but, iu the main, they so closely resemlde 
the simpler subBtauccs which have already been described that 
we would gain nothing by taking them np here individually. 
The Btudent, however, is earnestly advised to &\)\>\y the princi- 
ples discussed in the first part of the book to a few other cases. 
Thus, let him take propane and butane, and, not only write tho 
formntua of the derivatives which may be obtained from the 
but, above all, write tlie eqnations representing tlio action in- 
volved in their preparation, and the transformations of which 
they are capable. 



POLYACIO ALCOHOLS AND POLYBASIC ACIDS. 
1, Di-AciD Alcohols. 

The alcohols thus far considered are of the simplest kind. 

ley correspond to the simplest metallic hydroxides, a» pota»> 
eium hydroxide, KOH. Justas these simplest metallic hydrox- 
ides are called mmi-acid bases, so the simplest alcohols >are 
called mon-acid cilcokoU,^ expressions which are su^estcd by 
the term mono-basic ucid. But, aa is well known, there are 
metallic hydroxides, like calcium hydroxide, Ca(pU)„ barium 
hydroxide, Ba(0H)2, et*!., which contain two hydrosyla, and 
are hence known as di-add bases; and so, too, there are di-add 
aicokola which bear to the mon-acid alcohols the same relation 
that the ili-acid bases bear to the mon-acid bases. Only one 
alcohol of this kind, derived from the parafHu iiydrocarbons, ia 
well known. 



Ethylene alcohol or grlsfcol, C,H50,[C,H.(0HU.— Glycc* 
I ie made by starting with ethylene, a hydrocarbon of the foi-mnli 

■ Thp cipieaalon monatoailc nioobols 1> uacd by wimu wrlU'ra, but, ae IL la contudng^ 



mttgndutllf ^ting way lo llieiai 
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,. When thfe is brought togctbcr with bromine, the two 
e directly, formiiig p.thijhue. bromide, CjHjBr^. By reijlauingl 

e two bromine atoms by hydrosyl, ethylene al(,-ohol or glycol' 
B formed. 

It ia a colorloBB, inodorouB, somewhat oily liquid, whicli boils 
Kt 197.5°. It has a sweetish taste, and is htincc called gbjcai 
(from yXiiKui, sweet). Hence, further, the other alcohols o( 
this series are also called iflycoln. 

The derivatives of ethylene aleohol ore not as numerons as 
those of the better known members of the methyl alcohol series, 
but those whiuli are known are of the same general character. 
The reactions of the alcohol are the same as those of tlie mon- 
acid alcohols, but it presents more possibilities. In most cases 
in which a mon-acid alcohol yields one derivative, ethylene 
alcohol yields two. Thus, with sodium, the two compounds, 

godium glycol, CjH,<^^^, and di-aadium glycol, C^.<"J!*, 
can i>e formed; from these, by treating with ethyl iodide, the 
two ethers, elhyl-glycol el/ier, C,H, < ' ^, and di-ethyl-glycol 
ether, C,H, < ^-,'n'i fre made. By treatment with hydro- 
chloric acid, the chloride, *',Hj< , known as ethylene chlor- 
hydrine is foiuied ; and this, by treatment with phosphorus tri- 
chloride, may be couvei-ted into ethylene chloride, CjII^Clj, etc. 
Its conduct towards acids is like that of a di-acid base. It 
forma TieiUral and alcoholic mils, of which the acetates may 
e as examples. Thus we have the 



Mono^cetate, CiH4< 



O.CjHaO 



Di-acetate, CJI. < ~; 



e former still containing alcoholic hydroxyl and corresponding 
1 Dasic Ball ; the latter being a neutral compound. 



I 
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Under the head of Acetyl Chloride (see' p. 62) the actioit 
' aoeljl chloriiie ii|>oii orgaaic compounds coDtiiiiiiug oxygen 
was eiwkcn of as affording a convenient method of det^-rmiiiing 
whether a given substance is An alcohol or not. It is plain 
that, 08 the reaction whicii lakes place between a mon-acid 
alcohol and acetyl ohloride, and which is represented by ihft 
equation - 

R.on + CsH^oci = B.OC5H3O + na, 

is due to the presence of alcoholic hydroxyl, tiio reaction mnst 
be repeated for every alcoholic hydroxyl contained in the com- 
pound; or, at least, this result would be expected. As k 
matter of fact t)ic reaction is thus rci>eated for every alcoholic 
hydroxyl [(resent. Hence, by ti-eatiug an oxygen derivative 
with acetyl chloride, we can not only determine whether the 
derivative is an alcohol or not, but also, if it is an alcohol, 
whether it is moti-acid or di-acid, etc. Thus, suppose we 
treat ethylene ak'ohol with acelvl chloride. This reaction takes 
. place, - 

I Csn^(OII)j + 2 QH3OCI = C.U, < ^p*"'^ + 2 HC! ! 

and a body, which analysis shows to h.ave the composition repre- 
sented by the formula 

is formed. Snch a body could only be formed by the introduc- 
tion of two acetyl groups into the alcohol, and we therefore 
conclude that the original substance is n di-acid alcohol. 

There are two ways in which the structure of a compound 
of the formula CJIj{OII)i may be represented. They are, — . 

C1I,(0H) 
(1) I , in which each hydroxyl is represented in eombi- 

CH,(OH) ■ CIKOHi, 

nation with a different carbon ntom ; and (2) I , in which 

CII3 
/Ktt/i bydroxyls are represented in combination with the same 
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carbon aton. The question at once siiggestB itself, to wiiich of 
theae formnlas does ethylene alcohol correBjioncl ? To answer 
this question, we must recall what was said regarding the two 
dichlor-e thanes, known as ethylene ckloHde and etkylidene chloride. 
Tlie former of these corresponda to the formula CHjCl.CHjCl, 
while the latter, which is foitned from aldehyde liy replacing the 
carbonyl oxygen by two chlorine atoms, is represented by the 
formula CHCla-CHj. When the chlorine atoms of ethylene 
chloride are replaced by hydroxyl, ethylene alcohol is produced. 

CH,{OH) 
Hence, the alcohol has the formula I , or each of the 

CH,(OH) 
hydroxyls is in combination with a different carbon atom. 

All attempts to make the isomeric di-acid alcohol correspond- 
ing to ethylidene chloride, and having both hydroxyla in combi- 
nation with the same carbon atom, as represented in the formnla 

cn(on,) 

I , have failed. Instead of getting ethylidene alcohol, 

CH, 

aldehyde is generally obtained. Aldehyde ia ethylidene alcohol 

minus water : — 

CH(OH), CHO 

I = I -l-II„0. 

CII3 CII3 

It is believed that one carbon atom cannot, under ordinary 
circumstances, hold in combination more than one bjdroxyl 
gi'onp. If this is true, then ethylidene alcohol cannot be pre- 
parcil any more than our hypothetical carbonic acid, CO < , 
can he. 80, too, the simplest di-aciil alcohol conceivable, 
viz., nietiij'leue alcohol, 011^(011),, cannot exist, but would 
brcalc up, if formed at all, into water and formic aldehyde : — 

Cna{OH),= H3O + 11. CHO. 

(See discussion regarding tlie transformation of alcohol into 
aldehyde, pp. G4-00.) 
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I Ethyl alcohol, as was pointed out. may be rt^rded either U' 
ethane in which one hydr<^eii Ls replaced ty hjdroxyl, or 
water iu which one hydrogen is replaced by the radical Cjlij, or' 
ethyl. Ethyl, like all the radicals contained in the mon-aeid 
alcohols, is nnivaleiit. It is ethane lees one atom of hydr<^ett, 
just as methyl is methane leas one atom of hydrogen. Each 
has the power of uniting with one atom of hydrogen, or another 
univalent element, or of taking tlie place of one atom of 
hydrogen. 

If we take away two atoms of hydr<^en from methane and 
ethane, we have left the residues or radicals CH, and CjH^. 
These can unite with two atome of hydrogen, or take the place 
of two atoms of hydrogen, and they are hence called biv<dent 
radicala. 

Just as ethylene alcohol may be regarded as ethane in which 
two hydrogen atoms are replaced by hydroxyls, so it may be 
regarded as water in which the bivalent radical ethylene re- 
places two hydrogens belouging to two different molecules of 
water : — 



^^H The higher members of the series of di-acid alcohols will not 
^^Kbe considered here. 



0<H 

Two molecDln wnlor. Eihyleue i 



2. BtuAsic Acids. 



Just as there are di-aciil alcohols derived from the paraffins, 
so there are bibasic acids whicli may also be regarded as deriva- 
tives of the parafflns. We have seen that the simplest acids, 
the monobasic fatty acids, are closely related to formic and 
carbonic acids ; that they may be regarded as derived from the 
&.£ier bj^ ivplacement of a bydroxyl by a radical, or as derived 
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fi'Om the paraffins by the iutroduction of the group carboxyl, 
C'OjII. Tlie couditions existing iti this group arc essential to 
the acid properties. If two carbosyla be introduced into marsh 
gas, we would liave a substance of tlie formula CH,(COaH)i, 
and tliis is a bibasic acid. It contains two acid hydrogens, and 
is capable of forming two series of salts, the acid and neutral 
salts, like other bibasic acids. It may bo regarded also as 
derived from two molecules of carbonic acid iiy the replacement 
of two hydroxyls by the bivalent radical CII, : — 



C0< 



^OH 



The general methods of preparation available for the building 
of the series of bibasic acids are modifications of those used 
n making the monobasic acids. They are : — 

1. Oxtdation of di-acid pr^'wHiry alcolmla. Just aa a mon- 
acid primary alcoliol, B.CHaOH, yields by oxidation a mono- 
liasic acid, so a di-acid primary alcohol, R"(CIIbOH)j, yields a 
bibasic acid, n"{C0^)3. 

2. Treatment of the dicyanides, R"(CN)j, wUh caustic cdkalies. 
S. Oxidation of the so-called Jiydroxy-acids or alcohol acids. 

These are com]X)undB which are at the same time alcohol and 
acid ; aa, for example, hydroxy-acetic acid, which is acetic acid 
in which one of the hydrogen atoms of the hydrocarbon residue, 
methyl, lias been replaced by hydroxyl, as represented in the 

CHjOH 
formula I . Wlien this is oxidized, tite alcoholic portion, 

co,n 

CnX)H, is converted into carboxyl, and a bibasic acid is formed. 
4. From the cyant^en derivatives of the monobasic acids, 



such as cyan-acetic acid, CH, < . 
the cyanogen group into carboxyl. 



by the transformation of 
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BIBASIC ACIDS, CJh-iO,. 



■Oxiilic 

Mnlonic 

Succinic 

Pyrotartavic 

Adipic 

Pimelic 

Suberic 

Azelaic 

Sebaeic 

Brasaylie 

Eoccellic 



(CO^),. 
CH,(CO^)s. 
C,H,{CO,H),. 
CuHsCCO^H)^. 
CiHa(COsn)j. 

CeHuCCOiH),. 
CrH„{CO,H),. 
CJIie(COiH),. 
C„H,s(COaH),. 
C„H3(,(C0JI)j. 



Of the many acids included in this list only four or five can 
be said to be well known. We may confine our attention to the 
firBt four members. 

Oxalic acid, C,HA[ICO.,H),].— In one senae, according to 
tliu accepted definition, oxalic acid is not a member of the scries 
with which wo are dealing, as it is not derived from a hydro- 
carbou by replacement of hydrogen by carboxyl ; nor is it 
derived from two molecules of carbonic acid by replacement of 
two hydroxylB by a bivalent radical. Still it is in other i-especte 
8Q closely allietl to the members of the aeries, and has so many 
things in common with the other members, that it would be a 
mere act of pedantry to consider it in any other connection. 

Oxalic acid occurs very widely diatributed in Natore ; as in 
certain plants of the oxalis varieties, in the form of tlie acid 
potassium salt ; as calcium salt in many plants ; in urinary 
calculi ; and as the ammonium salt in guano. 

It is formed by thu action of nitric acid upon many organic 
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substances, particularlj' the different varieties of sugar and the 
so-called carbohydrates, such us starch, cellulose, etc. 

Experiment 34. Ill a good-sized flask poiir lialf a litre of ordinai'j 
coucentrnWd oitric acid (of specific gravity 1.245) upon lOOe of sugar. 
Heat gently until the reaction begins. Then withdraw the flame, when 
the oxidation will proceed with some violence, and accompanied bj a 
copious evolution a[ red fumes. Let it cool, when oxalic acid will 
crrstalllze oat. Pour off the mother liquor and evaporate somewhat, 
when more oxalic acid will crystallize out. Recrystallize from water 
the acid thus obtained, aud with the pure substance perform snch ex- 
perlments as wlil eiliibit its properties. For example, (I) Heat s 
specimen at 100°. and notice loss of water; (2) Ueat some in a small 
flask with sulphuric acid, and prove that both oxides of carbon are 
formed. 

On the lai^c scale, oxalic acid is made by heating wood 
shavings or saw-dust with caustic potash and caustic soda to 
240° to 250°. The mass is extracted with water, and the solu- 
tion evaporated to crystallization, when sodium oxalate is de- 
posited. 

Otter metbods, which are intei'esting from a purely scientiflc 
stand-point, are the following: — 

1. The apontaneouB transformation of an aqueous solution of 
cyanogen : — 

CN COjH 

1 -|-4H,0 = I + 2NHi; 
CN COaH 

CN COj(NH,) 

or, really, | -f- 4 HgO = | 

CN CO,(NH^) 

2. Treatment of carl>on dioxide with sodium : — 

2 CO, -f- 2 Na = CnO^Na,. 
S. Heating sodium formate : — 

2H.C0,Na = CANas -f 2H. 
Oxalic acid crystallizes fVom water in monoclinic prisms c 
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tainiTig two molecules of water (CalloO, + SIIjO). It Iobcb 
this water ut 1(10°. It siibliraes without decomposition at 150° 
to 160°, but, if heated highor, it breaks up into carbon monox- 
ide, carbon dioxide, and formic acid ; — 

2 CjH^O, = 2 CO, + CO + HCO.H + H,0. 

Sulphuric acid decomposes it into carbon monoxide, carbon 
dioxide, and water. Heated with glycerin to 100°, carbon 
dioxide a)id formic acid are formed (see Formic Acid) : — 

CyijO, ^ CO, + H.CO.H. 

It ia an excellent reducing agent, and is used aa a Btandardizer 
in preparing solutions of potassium permanganate. 

Experiment 35> Try tlic actioo oT a solution of potasslom per- 
mauganato ou a solution of osalic acid. Wb; la It best to hare the 
solution of the permanganate acid? 

Oxalic acid ia an actirc poison. It ia used in calico printing. 

.Sails of oxoJic acid. Lilce all bibasic acids, oxalic acid forms 
acid and neutral salts with metals. All tbe salts are insoluble 
except those containing the alkalies. Among those must com- 
mon are the acid potassium salt, CjOtHK, which ia found in the 
sorrels or plants of tbe oxaJis variety ; the ammonium salt, 
Cj04(NH,)s, of which some urinary calculi are formed; and 
calcium oxalate, CJO,Cs., which, being insoluble in water and 
acetic acid, is used as a means of detecting calcium in the 
presence of magnesium. 

Malonio aoid, CaH.O,r= CH,(COiH)j] —This acid was first 
made by oxidation of lualic acid (which see), and is hence 
called tnalonic add. It can best be made by starting with 
acetic acid. The necessary steps are : (1) making c))lor-acetic 
acid I (2) transforming chlor-acetic acid into cyan-acetic acid ; 
(3) heating cyan-acetic acid with an alkali. 

Note for Studbnt. — Wrllo llie equutlons representing the three 
steps mentioned. 
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It 13 a Bolid which cryBtallizcs ia lauuDse. It breaks up at ai 
ttempemtDre above 132°, which is its luelttng-point, into carbOB' 



ide and acetic acid : - 



r CHa.COjII + CO,. 



I 



THoTB FOR Studrnt. — What simple metliod for tbc preparation ot 
Kmarsh gaa and other parafllas is tliis reaction analogous to? 

Succinic acids, CjH„0.[= C,H.(00,H),]. — Congideriiig 
these acids as derived from ethane by replacing two hydrogens 
irith carboxyl, we see that there may be two corresponding tx) 
ethylene and ethylidene cldorides. Two are act«ally known. 
One is the well-known succinic acid; the other is called iso- 
mtccinic acid. 

CHa.CO,H 
Succinic acid, Ethylene succinic acid, i . — 

CH,.CO,H 
This acid oceiire in amber (hence its name, from Lat. aucdnum, 
amber) ; in some varieties of lignite ; in many plauta ; and iO' 
the animal organism, as i[i the urine of the horse, gout, and 
rabbit. 

It is formed under many circumstances, especially by oxida- 
tion of fats with nitric acid, by fermentation of calcium molate, 
^aod, in small quantity, in the alcohohc fermentation of sugar. 
Among the methods for its preparation are : — 

CHj.CN 

1. Treatment of ethylene cyanide, | , with a caustic 
alkali:— CHj.CN 

I CH/;N CH2.C0i,K 

I + 2 KOH + 2 H,0 = I +2 NHg. 

cn/;N CHj.cOjK ; 

2, Similarly, by treatment of j8- cyan -prop ionic acid with an 
alkali. (What is /3-(-yan-propiouic acid?) 

8. Reduction of tartaric and malic acids by means of 
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^^f hydriodic acid. These -well-known acids will be shown to be 

I closely related to succinic acid, and the reaction here mentioned 
will be explained. The methods actually used in the prepara 

I tion of eiicciaic acid arc: (1) the distillation of amber, and 

^^^^ (2) the fermentation of calcium malate. 

^^H The acid crystallizes in monoclinic prisms, which melt at 

^^H I8D° (try it). It boils at 235'', at the same time giving c 

^^H vater, and being converted into the anhydride: — 

I Among the salts ferric suctnnate, C.H,O^.Fe(0^), 

special interest, aa it is entirely insoluble in water, ao 
therefore be used for the purpose of separating iron froni 
I alnmininm quantitatively. 

Bxperimont 36. Make a neatrat solution of nraTnonioni Bncciiw 
ate by neutrallziD;: an aqueous solution of the acid, and boiling off bH 
excess of ammonia. Add some of this solution to a solutioa known % 
contain alumlnlnni and iron In the ferric state. A brown-reil preclpl 
tate will be formed. Filter and wash, aud examine the filtrate for Iron 
CH(CO,H), 
IsoBuccinic acid, Ethylidene auccinic acid, i 

This acid is made liy treating a-eynn- propionic acid with ao^ 
alkali. (What is u-cyan-propionio acid?) 

Ifioauceiuic acid forms crystals which melt at 130°. Heal 
to 150° it breaks up into propionic acid and carbon dioxide : — ■ 
CH(COsH)( CHa.COjH 

= I +C0,. 

CH, CI la 

rroplonl.: ndd. 



IsoBuccinic ac 
I This acid is mad< 

^_ alkali. (What is < 
^^k Ifioauceiuic acid 
^^V to 150° it breaks u| 

■ 

F Note fob Stltde: 

I two succinic acids, i 

' the difference? 



Acids of the formula C;,H,0,[= C:,H;,(00,H)il. — Fon 

acids of tJie formula C'3n,CI, are known, only one of whioli 

Jiowerer, need be considered here. Tbiate, — 
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CH,.CH.CO,H 
Pyrotartartic acid, i ■ — As tlic name indi- 

CH,.COjH 
LeatcB, this acid is made hy faeutiiig tartaric ucid. Tlic reactions 
I which take place are coniplicatfid, ihkI oftQnot weli be represented 
[by equations. The reactions which point to the above formula 
I wc also comparatively complicated, and their discussion at this 
I time would tend only to confuse the student. 

Tri-acid Ai-conOLS. 

The existence of raon-acid alcoliols corresponding to the 
non-acid hasos, lilie potassium hydroxide, and of di-acid alco- 
I'bolB corresponding to the di-aciil bases, like calciiun hydroxide,., 
snggeats the possible existence of tri-acid alcoliols corrcspond- 
iug to tri-acid bases, like ferric hydi'oxide. Thci-c is only one 
alcohol of this kind derived from the paraffin hydrocarbons that 
is at all well known. This ia the comnioa substance glycerin. 

I Q-lyoerin, O-HjOj. — As has been stated repeatedly, glycerin 
^'occurs very widely distributed as the alcoholic or basic constit- 
uent of the fats. ITie acids with which it is in combination are 
mostly members of the fatty acid series, though one, viz., otefe 
acid, which is found frequently, is a memljer of another series. 
Besides oleKc acid, tlie two acids most frequently met with in 
fats are palmitic and stearic acids. "When a fat is saiwnified 
witli caustic potash, it yields fVeo glycerin and the [Wtassium 
salts of the acids. The reactions in the case of the glyceria 
eomiKtunds of palmitic and stearic acids are these : — 

Formation. 

fOH HO.W.CbHju fO.CO.C^HM 

C,I!.] OH + HO.OC.CiiHj, = C,,H,] O.CO.CisHj, -f SHjO-' 
HO.OC.CisH,, ( O.CO.CuHa, 



\ 

mm 

edfl 
ilal 
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F 

^H f OH Ho.oc.c„n^ f o.occii^j 

^•tjiiJ on + no-OcCi^iiji = cjiJ o.oc.cyr^, + 3 u^. 

^H Lou HO.OC.C„IIa, (.0.00. CVH„ 

P" 



^ 



O.OC.C„H„ 

O.OC.CuIIa, + 3K0H = €3113(011), + 3C,3lI,„.CO,K. 

.O.OC.CuIIj, Gly«rin. Tu^lum p.lmiUlo. 

PnhaltUi. 

O.OC.C„H„ 

O.OC.CiiHji + 3K0II = C3n5{OII), + 3Ci;Haj.C0jK. 

O.OC.CijHjB GI)-.arLn. rola85ium.lo«r»l.. 



The fats are alao decomposed hy superheated etcnin, yielding 
free glycerin and the free acids, and this method is used on the 
lai^e scale, a little lime being added to facilitate the process. 
Lead oxide decomposes fats yielding a mixture of glycerin and 
the lead salts of the acids. The mixture is known in medicine 
as " lead plaster," 

Glycerin is formed in small quantity by the alcoholic fermen- 
tation of sugar. 

It has beeu made synthetically from propylene chloride, 
CaHjCIj, The necessary steps are : (1) treatment with chlorine, 
giving CsIIjCla ; (2) treatment of the tri-chlorine derivative 
with water, thus replacing the thi'ce chloiine atoms by hydroxyl. 

Glycerin is a thick colorless liquid, with a sweetish taste 
(compare with glycol). It mixes with alcohol and water in all 
proportions. It attracts moisture from the air. At low tem- 
peratures it solidifies, forming deliquescent crystals which melt 
ut 17°. Under diminished pressure it can be distilled; but, if 
heated to its boiling-point under the ordinary atmospheric pres- 
sure it undei^ocs decomposition. It is volatile with water 



^^^^K Expflriment 
^^^^U it. Wliat ( 
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ExpflrimentSTi Heat a little glyccriu In a dry vessel, and trj to 
tell it. Wliat ovlcloucc have you that it tiuilergoea decomposltioi 
""Put 20~ to 30"= giyceriu In 400" to COO" water In a flask ; connect ivltli 
a coudenaer, and boil. Prove that glycerin passes over with tho water 

Tlie reactions of glycerin all clearly lead to the conclusion 
tliat it is a tri-acid alcohol. 

(1) The three hydroxyl groups cfio be replaced auccesaively 
by chlovine, giving the compounds, — 

adorh,dri„, 0,II,j^,',„jj 

DicMorhydrin, C,,H, | q^ ; 
and TrkhlorhydHn, CsHjC'la, 

which last compound is propane in which three hydrogen atoms 
are replaced by chlorine, or tricblorpropano. 

(2) It forms three classes of ethereal salts contaiuing ( 

fo, and three acid reaiduea respectively. For example, with 
Btyl chloride these reactions take place : — 
(Oil rO.C^sO 

1. CgH, ] OH + C,HaO.Cl = Calls ] OH + HCl. 
(oh (oh 



rOH rOCjHaO 

, CaHj ] OH + 2 C2n30Cl = C^l, ] OCoHaO + i HCl. 

( OH ( OH 

rOH fOCWsO 

. Call, ] OH + 3 C^jHjOCl = CsHj ] OC,HaO + 3 HCl. 

(oH (0C2H3O 



In regard to the relations of the hydroxyl groups to the parts 
of the radical CjH„, wo have verj- little experimental evidence, 
though it appears highly probable that each hydroxyl is in 
combination with a different carbon atom as represented in 
Cn,OH 
mula CHOH . 



I 
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In the first place, wo have scea above that componnda t 
twniDg two h^droxyla in combioatJoD with the same Garbon 
are not leailily formed, ii" tLcy arc formed at all, nnd we bava 
had some reason for conduding that this kind of combination 
is impossible. It would follow from this that the simplest tri- 
acid alcohol must contain at least Uiree atoms of carbon, Just 
as the simplest di-acid ak-ohol must contain at least two atoms 
of carbon. We have seen that the simplest tri-acid alcohol 
known does contain three atoms of carbon, 

CH.OH 
I 

Further, if the formula of glycerin is CHOII , it contains two 

U CH,OH 

(primary alcohol groups, CHsOH, and we ha\e seen that ttiis 

group is convei-ted into carboxyl under the influence of o.vidiz- 

ing agents. Therefore, wc would expect by oxidizing glycerin 

CO.H CO,H 

I I 

to get products of the formulas, CHOH , and CHOH. Such prod' 

Ctt,OH CO,H 

nets actually arc obtained, the fimt being glyceric add (which 
see), and the second tartronic acid (which see). 

Just as ethyl alcohol la regarded as water in which one 
hydrt^en is replaced by the univalent radical G^,, aa '"' ; 
and glycol is regarded as water in which two hydrogen atoms 
of two molecules of water are replaced by the bivalent radical 

" >0 
CjHi, aaCjII, ; 80 also glycerin may be regarded as water 

in wbicb three hydrogen atoms of tbreo molecules are replaced 
by the trivalerit radical C'sIIj, thus : — 



Tbrec moIecHlei w 




Ethereal ealts of glyoerin. — Among the importanlri 

lereal salts of glycerin arc the nitrates. Two of these are'i 

lown ; viz., the mono-nitrate, C,B^ \ Oil , and tlie tri-nitrate, 
(ou 

MDjHi(ONO,)j, the latter being the chief constitueiit of nitro- 
glycerin. Nitroglycerin is prepared by treating glycerin with 
a mixture of concentrated sulphiu-ic and nitric acids. It 
pale yellow oil which is insoluble in water. At —20 
crystallizes in long needles. It explodes very violently by 
concussion. It may be burned in an oijen vessel, hut if heated 
above 250° it exi)lodeB. Di/naviile is infusorial earth impreg- 
nated with nitro -glycerin. Nitro-glyceriii ia the active constitu- 
ent of a number of explosives. 



^■Mii<^ 



Fats. — The relation of the fata to glycerin has already been 
id. Ilcrc it will be necessary only to mention the composi- 
and characteristics of some of the more common fats. 
Most fats arc mixtures of the three neutral ethereal salts 
lich glycerin forma with palmitic, atearic, and oleic acids, 
hich arc known by the names palmitirt^ stearin, and olein. 
Olein is liquid, and the other two fats are solids, stearin having. 
the higher melting-point. Therefore, the larger the proportion 
of oleln contained in a fat the softer it is, while the greater the 
proportion of stearin the higher its melting-point. Among the 
fats which are particularly rich in stearin may be mentioned 
mutton tallov.', beeftaUow, and lai-d. Human fat and pa^m. oil 
are particularly rich in palmitin. Sperm oil and cod-liver oU 
arc rich in oloin. 

Butter consists of ethereal aalts of glycerin and the follow- 
ing acids ; myristic, palmitic, and atearic acida, which are not 
volatile, and butyric, caproic, caprylic, and capric acids, which 
are volatile with water vapors. All the acids mentioned are 
meml>ers of the fatty acid scries. Some of these acids are 
soluble and some are insoluble in water. The percentage of 
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insoluble fntfy acids contained in butter baa been found to b» 
88 per cent. As the proportion of inaolublo fntty acids con- 
tained in artiflciftl butters, such as the so-cailcd oleo-inargarin, 
is greater than that contained in !)iittci', it is not a difScult 
matter to distinguish between the two by determining the 
amount of these acids contained iu them. 

Tei-basic Acids. 
L There is but one acid to be considered under this head. It 

Tri-carballylic acid. CjHslCO^H)^. — This acid may be 
made from trichloriiydrin, CjIIjCla (which see), by replacing 
the chlorine by cyanogen, and heating the tricynnhydriiie thus 
obtained with an alkali. It raay be made also by treating 
aeonitic acid (wliicli see) with nascent hydrogen. 

It crystallizes from water in rhombic priatoa which melt at 
IS?" to 158°. 

Tetk-acid Alcohols. 

Brythrite, C,H]oO,[=C.H6(OH),].^This substance occurs 
in one of the algte (^Protococcna vulgaris) and in several lichens. 
It crystallizes from water in quadratic prisms. It has & very 
Bweet taste. The fact that tlie simplest tctr-acid alcohol con- 
tains four atoms of corbou should be noted specially. , 



There is no letra-basia add derived from the hydi'ocarbons of 
the parafdn series. 

Pent-acid Alcohols. 
Only one substance need be considered under this head, aud 
even this one is rare. It is, — 

Quercite, ChH;(OH)s. — Quercite is formed in acoms. It 
crj'ataUizea in prisms from its solutions in water. 
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No penta-baaic add belonging to tliia series is known. 



Hex -ACID Alcohoi-b. 
There arc two isomeric hex-aeid alcoliolfl known. Both are 
derived from hcxanc, .and have tlie composition represented by 
tlie formula C6lIs(0H)a. It will be noticed that these hex-add 
alcohols contain six carbon atoms each, 

Mannite, C6Eb(OH}8. — Alannite is widely distributed in 
tlic vegetable kingdom. It occurs moat abundantly in manna,* 
which is the partly dried aap of the manna-ash {IVaxinus 
omua) . It is obtained from incisions in the bark of the tree. 

Mannite is formed in the lactic acid fermentation of sugar. 
It ia formed also by the action of nascent hydrogen on glucose 
and cellulose, or on inverted cane sugar. This indicates a dose 
relatiojiship between the sugars and ^nannite. Mannite crystal- 
lizes in needles, or rhombic prisms, which are easily soluble in 
water aud in alcohol. It baa a sweet taste. 

Niti-ic acid converts mannite into saccharic acid (which see). 
When boiled with concentrated hydriodic acid, it ia converted 
into secondary hexyl iodide, CuHi^I. 

Mannite hexa-nitrate (nitro -mannite), CeHi(O.NO,)E, ia 

fonned by treating mannite with a mistnrc of concentrated 
sulplmric and nitric acids. It ia a solid eubstance and is very 
explosive. (Analogy with nitro-glycerin.) 

Mannite hez-aoetate, CeHi,(O.CiHsO)ii, is formed by treat- 
ing mannit« with acetic anhydride. Its formation, aa well as 
that of the hexa-nitrate, shows that mannite is a iiex-acid alcohol. 
For the purpose of making the acetates, acetic anhydride ia 
sometiraes used instead of acetyl chloride. In some eases in 
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which the latter will not work, the former answers very well. 
Heuce acetic anhydride has come into use as a reagent, which 
enables us to decide whether a substance under examination is 
or is not an alcohol ; and, if it is, to which class (whether 
mon-acid, di-acid, ti-i-aoid, etc.) it belongs. 

Dulcite, CdHs(OH)i. — This occurs in a kind of manaa 
obtained in Madagascar, the source of which, however, ia 
unknown. It ia formed by treating sugar of milk oi' galactose 
with nascent hydrogen (compare with mannite in this respect) . 

Duk-ite crystallizes in monoclinic prisma ; eaaUy soluble in 
water and in alcohol. 

Nitric acid oxidizes dulcite, foiToiug mucic acid (which see), 
isomeric with saccharic acid, which is formed from mannite. 
Like mannit«, when boiled with hydriodic acid it yields second- 
ary hexyl iodide, CoHi^I. With acetic anhydride it yields dulcite 
Itex-acetate, CaHs(O.C3HjO)a. 



^ There arc no Itexa-basic acids known belonging to this series. 
Neither alcohols nor acids are known containing more than 
six alcoholic or acid groups. We have, therefore, completed 
an account of the alcohols, acids, aldehydes, ethers, etc. , derived 
from the paraflBn series of hydrocarbons. But we are not yet 
prepared to pass ou to the next series of hydrocarbons. The 
compounds which up to this time have been consitlered belong 
to distinct classes. Each one, with very few exceptions, is 
either an alcohol or an acid, an aldehyde or a ketone, etc. 
The few exceptions referred to are the acid ethereal salts, such 
as ethyl-sulphuric acid, ' ^f^ > SOj, which may be regarded as 
lioth ethereal salt and acid at the same time, and the alcoholic 
ethereal salts, corresponding U> basic salts ; such, for example, 

( OC„H,0 , . , 
as glycerin mon-acetale, C^H^ ) .q^. , which may be regarded as 

ethereal salt and alcohol at tJie same time. Such compounds 
be called mixed compoundi^. 



CHAPTER X. 



MIXED COMPOUNDS. — DBEIVATIVES OF 

THE PARAFFINS. 



Under tbis hend are included auch compounds as belong at 
he same time to two or more of tlie chief classes already coo- 
sidered. Tbus, there are substances which are at the same 
time alcohols and acids. There are others which are at the 

• same time alcohols and aldehydes, alcohols and ketones, acids 
and ketones, etc. Fortunately, for our purpose, the mimber 
of compounds of thia kind actually known is comparatively 
nnall, though among them are many of the most important 
natural compounde of carbon. The Grst clasa which presents 
itself is that of the alcohol acids or acid cdcohols; that is, sub- 

Ijtaucea which combine within themselves the properties of boUi 
jAlcohol and acid. They are commonly called oxy-adds or 
^i^Toxy-acida. 
Tl 
irhic 
Md 
ttieir 



Hydroxy- ACIDS, CgHj^O,. 



t 



These acids may he regarded either as monobasic acids into 
rwhich one alcoholic hydrosyl has been introduced, or as mou- 
ld alcohols into which one carboxyl has been introduced. As 
leir acid properties are more prominent than the alcoholic 
properties, ihey are commonly referred to the acids. Running 
parallel, then, to the series of fatty acids, we may look for a 
series of hydroxy-acids, each of which differs from tlie con-ea- 
ponding fatty acid by one atom of oxygen, or by contiiiniug one 
hydroxyl in the place of one hydrogen, thus : — 
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H.CO^ 
CHa.COjH CHj< 



Propionic acid 



C,H..CO,H aH,< 
etc. etc. 



Hfdniiy^iihla. 

HO.COjH. 
OH 
COoH' 
OH 
CO,H' 



The firat member of the sericB, which hy analogy would be 
called hydrom/'fnrmic acid, is nothiog but our ordinan" hypo- 
thetical carbonic acid. Although ita relation to formic acid is 
the same as that of the next member of the series to acetic 
acid, it certainly has no properties in common with the alcohols ; 
but, owing to ita peculiar structure, it is a bibasic acid which 
the other members of the series are not. Nevertheless, it may 
be referred to here for the sake of a few of its derivatives, 
which are somewhat allied to those of the liy<lroxy-acids proper. 



Carbonic acid, H,CO, CO < i; 



believed that 



.OH' 

■■OH. 

this body exists in solntions of carbon dioxide in water. All 
that is known about it is that it is a feeble bibasic acid, aud 
bi-eaks up into water and cnrboD dioxide whenever it is set free 
from its salts. Wc Iiave seen that this instability is generally 
met with in compounds containing two hydroxyls in combina- 
tion with one carbon atom, 

Amon^ the derivatives of carbonic acid which may be re- 
ferred to at this time are the etliereal salts. These may be 
made : — 



By treating : 
of alcohol radicals 



ir carbonate, CO < ? '', with the iodides 

OAg' 

, for example, — 



CO<JIt^ + 2 C,HJ = CO<P^^'"' + 2AgI. 
OAg OC\Hj 

, S. By treating the alcohols with carbonyl chloride, COClt: — 

COC% + 2 C^fiH = CO(OC.H,), + 2 HCI. 



ETHYL CHLOR-CAHBONATB. 



Ethyl chlor-carbonate, CO <: q_ „ - — This 
I,{b made by treating alcohol witli earbonjl cMorlde : - 



COCI5 + CsHjOH = CO < 



CI 



-HCI. 



"00^, 

It may be regarded as the etiiyl salt of moao-eblor-formic 
I acid, CI . COOH ; and, properly speaking, should be called ethyl 
^tn/Uor-fo rmale. 

CarboQ bisulphide acts very much like carbon dioxide towards. 
l-alkaliea and alcohols, and thus a number of ether acids and 
^ietfaereal salts containing sulphur may be made. Thus, when 
Etiarbon bisulphide is added to a solution of caustic potash in 
«lcohol, a potassium salt of tlie formula CS < "^ ' is formed. 
tThia is called potaaHum xantlmgettate. The free xanthogeuio 
Bfcid is very unstable, breaking up into alcohol and carbon 
■bisulphide. The formation of the salt is represented by the 
following equation : — 

. OCjH, 



CSj + KOU + CiH,OH = CS< 



SK 



- HjO. 



A similar salt made from ordinary amyl alcohol has been used 
for tho pur])ose of destroying pkylhrera, the insect, which is so 
destructive to grape-vines, particulaily in the wine districts of 
L France. 



General methods for the prejjaration of luidroxy-acids. The 

letliods available for making the hydrosy-at-iiis are modiflea- 

s of those used for making alcohols and acids. 

Starting from a mon-acid alcohol, we may make a hydroxy- 

1 by the same methods which we used in making an acid 

m a hydrocarbon. Stipj>ose, for example, that we are to 

ke acetic acid from marsh gas. The reactions which wa 

take use of are: (1) the preparation of a halogen derivative ;: 

I conversion of the halogen derivative into the cyanc^eo. 
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derivative ; and (S) converBion of the cyanogen derivative 
into tbe acid. We describe the results of these operations by 
Haying that we have introduced carboxyl. By similar opera- 
tions we may introduce earljoKyl into methyl alcohol, and the 
product is liydroxi'-acetic acid. 

It is, however, generally better to start from an acid and in- 
troduce hydroxyl. This maj- be done in several ways : — 

I. By treating a halogen derivative of an acid with water or 
silver hydroxide : — 



I 



By treating an umido derivative of an acid with nitrous 
(aee page 98) : — 

3. By treating a sulplionic-acid derivative of au acid with 
caustic potash : — 

»CU,< SO-C" J- Krar _ riL ^ "" 
Sulpbo-upUc Bcid. 
The flrst two of these reactions liave been described and men- 
tioned as affording methods for the introduction of hydroxyl 
into hydrocarbons. It will he seen that the only difference 
lietween the reactions used in making alcohols and those used 
in milking hydrosy-uc-ids is that in one case we start from the 
hydix)carbona, while in tbe other we start from tlie acids. 

Glycolic acid, hydroxy-acetio acid, oxy-aoetio aoid, 

C,H,oi = CH, < po -rT)- — Glycolic acid is found in nature in 
unripe grapes, and in the leaves of the wild grape (A^iipelopais 
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It may be made from glycocoll, which ia amido-acetie acid 
Ei(Bee reaction 2, above), from brom- or chlor-acetic acid and 
I water (see reaction 1, above), by the oxidation of glycol ; — 



CHiOH 

Olycol. 



CHjOH 



r This consists in transforming one of the primary alcohol groups, 
ICHjOH, contained in glycol into carboxyl. (What would be 
Fformed by conversion of both the primary alcohol groups of 
fcglycol into carboxyl ?) It may also be made by careful oxida- 
Ition of ethyl alcohol with niti'ic acid. For this purpose » 
I mixture of alcohol and nitric acid is allowed to stand until no 
l'(urther action takes place. 

Glycolic acid forms crystals which are easily soluble in water,. 
Bjtlcohol, and ether. 

As an acid, glycohc acid forms a seriea of salts with metals, 

and ethereal salts with alcohol radicals. The latter, of which 

ethyl glycolute may be taken as an example, may be made by 

means of one of the reactions usually employed for making 

k ethereal salts; for example, by treating silver glycolate with 

l«tbyl iodide : — 

■In this reaction, as well as in the fonpation of salts of glycolic 
IBoid, the alcoholic hydroxyl remains imchauged. 

an alcohol, glycolic acid forms 'ethers of wliich ethi/l- 

,giymUv avid, CH, < pfj'./i may sei-vc as an example. It will be 

that this is isomeric with ethyl glycolate. But while the 

r has alcoholic properties, the former h.as acid properties. 

1 glycolate is a liquid which boils at IfiO". Ethyl-glyeolic 

tid is a liquid which boils at 206° to 207°. Finally, as an 

Icohol, glycolic acid forma ethereal aalta. of which acetyl- 

lycolic acid may serve as an example. This is glycolic acid 
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in which the hydrogen of the hydroxyl is replaced by acetyl, 
CHj< ■ " " , bearing, as will be aeon, the same relation to 
glyeolic acid and acetic acid that othyl acetate, CjHj.O.CallaO, 
bears to alcohol aurt acetic acid. 

Glyeolic acid sud the other acids of the game aoriee loso 
water when heated, and yield peculiar anhydrides. The product 
obtained from glyeolic acid is known as ffli/uolidp. It haa 
neither acid nor alcoholic properties, and is, therefore, be- 
lieved to be derived from glj'colic acid as represented in ttiia 
equation : — q 

I CH,<™ =cn,<i +HA 



" COOH 



CO 



^ Glycolide is iiiaohihle in cold water. When boiled for a long 
time with water, it is converted Into glyeolic acid. 

Lactio acids, hydroxy-propionic acids, oxr-propionio 
acids, C3,oi=CiH,<2Qg-J- —In speaking of propiomo 
acid, it was pointed ont that two series of aubatitu lion -prod nets of 
the acid arc known , which are designattid as the a- and |8-Beries. 
Accordingly we would ex]iect to find two by drox,v -propionic 
acids, the a- and tlie /3-aeid. Two lactic acids have been 
known for a long time. One of these is ordina/y lactic acid; 
the other a variety which is found in flesh, and hence called 
mrco-lactic add. Rut, strange to say, a thorough investigation 
of these two acids has proved that both mnst be represented by 
the same structural formula, as both condimt themselves in 
exactly the same way ttiwards reagcnta. And, further, one 
other iiydroxy-pi-opionic acid is certainly known, and even a 
fourth haa been described. The facts then arc these; three, 
aitd probably four, acids are known, all of which are hydroxy- 
propionic acids. Onr theory enables us to foretell the existence 
of only two. Before discussing this discrepancy let us briefly 
coasider tho avida theoiselves. 




LACTIC ACIDS. 
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. Lactic acid, inactive ethylidene-lactic acid, a-hy- 
Idroxy-propionic acid, CHj.CH < -,_ „. — Tlie chief method 
■ making lactic acid consists in the fermentation of sugar 
'by the lactic-acid ferment. This process has already been 
^described under the head of Butyric Acid. It is carried out 
pbost by diBBolving cane Bugar and a little tartaric acid in 
I water; then adding putrid cheese, milk, aud zinc carbonate. 
The object of the zinc carbonate is to prevent the solution 
from becoming acid, as the presence of free acid is fatal to the 
ferment. The Bugar is converted Rrst into glucose, CgHuOg; 

I Mid this then breaks up into lactic acid : — 
I CJIiA = 2 CsH,Og. 

ft will be remembered that by continued action of the ferment 
m the lactic acid, butyric aoid is formed (see Butyric Atad). 
[iftCtic acid may be made also by fermentation of sugar of 
tulk, and is hence contained in sour milk ; by boiling a-chlor- 
Hopionic acid with alkalies, - 
CH ''" ^ ' t-i^n — (^u <"'■" ^^" 



CHa .CH < 



CO,H 



- KOH . 



CH,.cn< 



C(),ll 



^id) with nitrous 



and by treating alanine (a-ainido-propioir 
CH..CH < J™' + HNO, = CHa.CH < J?"„ + N, + H,0. 

Lactic acid is a thick liquid which mixes with water and 
with alcohol in all proportions. 

Treated with hydriodic acid, it is reduced to propionic acid. 
Treated with hydrobrouiic acid, it yields a-brom -propionic acid. 



Sarco-lactio acid, active ethylidene-lactic acid, 
[,.CH<^ir„- — This acid occurs in the liquids expressed 
1 meat. It is therefore contained in " extract of meat," 
J may be obtained most readily from this sourco. 
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Its properties are, for the most part, like those of inactive 
lactic acid, and its conduct towards reagents is in all respects 
the same. Its salts are somewhat mure easily soluble than 
those of ordinary inactive lactic acid. The chief difference 
between the two is observed in the action towards polarized 
light. Active lactic acid turns the plane of polarization to the 
sight. It is dextro-rotatory. Its salts are all lievo-rotatory. 
On the other hand, neither inactive lactic acid nor its salts 
exert any action upon polarized light.' 

P 8. Hydracrylic acid, 1 CH,OH 

P-Hydroxy-propionio acid, J CH, .CO,H 
Hydracrylic acid is made by iM^iling ^-ioilo-prmi ionic acid with 
water or silver oxide and water : — 

t CH,I CH, .OH 

■ I + HHO =1 + HI. 

P CH,.CO^ CHj.COsH 



hydrocarbon is treated with hypochlorous acid, HOCl, it is con- 

CH,C1 
verted into ethylene-chlorhydrine, I (which see), which 

CH,OH 
may be made by treating ethylene alcohol with hydrochloric 
acid: — 

CHjOlI CII,C1 

! + HCl = I + H,0. 

I CHjOII CH,OH 

P By replacing the chlorine with cyanogen, and iHiiling tlie cyan- 
CHjOH 
hydriue, l , thus obtained, with au alkali, hydracrylic acid 

Clt,CN 
is obtained. 

These reactions clearly show that hydracrylic acid is an 
ethylene eomiKMind, and, as it is made from ^-iodo- prop ionic 
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by replacing the iodine with hydroxyl, it foUowa further 

sulmtitu lion "products of propionic acid are ethylene 

uctB, and that the a-producta are ethylidene products (see 

)■ 

■acrylic ncid is a symp. Its salta differ markedly from 

of the inactive and active lactic acids. When heat«d, it 

ies water and is transformed into acrylic acid, CHj.CH.COjH 

The diflference in conduct between ethylidene-lactic acid and 
e-lactic acid, when heated, is interesting and suggestive. 
Tien etbyliden e-lactic acid is heated, both its acid and alco- 
' holic properties are destroyed, both the alcoholic and acid 
hydroxyle taking part in the reaction. Whereas, when ethyl- 
ene-lactie add is heated, only the alcoholic properties are 

t destroyed, the carboxyl remaining intact. 
4, Ethylene-lactic acid. — A fourth hydroxy -propionic 
acid, called etiiylene-lactic acid, haa been described as occur- 
ring in meat. There appears, however, to be some little doubt 
io regard to its existence. 

Without reference to the fourth doubtful lactic acid, the fact 
remains that there are more hydroxy -propionic acids known 
than our theory can account for. Other cases of this kind are 
known, and one very marked and especially interesting one 
will be referred to when tartaric acid is considered. It will bo 
shown that just as tliere is an active and an inactive lactic acid, 
so there is an active and an inactive tartaric acid, which con- 
duct themselves in the same way towards reagents, and must 
hence bo represented by the same structural formula. 

Apparently we have here to deal with a new kind of isome- 
rism. Bodies may conduct themselves chemically in exactly ' 
the same way, and yet differ in some of their physical proper- 
ties, as in their action towards polarized light. To distinguish 
this kind of isomerism from ordinary chemical isomerism it is 
calk'd phf/siixU 
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■ An ingenious hTpotheeia has been put forward by way of 
^lunation of that particutav kind oi' physical isomeriHin which 
showB itself in tlic action of compounds upon polarized light. 
It must be remembered that our ordinary formulas have nothing 
whatever to do with the relations of the atoms and gronjw in 
space. They indicate ckemieai relatiotis which are discovered 
by a study of chemical reactiojis. At present, it is hazardous 
t« indulge in speculations regarding the relations of the parts 
in space, and, while the hypothesis which is to be explained 
briefly is ingenious and interesting, the student should be careful 
not to bo carried away by it. He should remember that it ia 
only a thouglit. 

Let lis sup[)osc that in a carbon compound one carbon atom 
is situated at the centre of a tetrahedron, and that the four 
atoms or groups which it holds in combination are at the angles 
of the tetrahedron as representi^d in Fig, 10. 

If these groups arc all different in kind, and only in this 
case, it is possible to arrange them in two ways with reference 
to the carbon atom. The difference between the two arrange- 





ments is that which ia observed between either one and its 
reflection in a miri-or. Imperfectly tlie second arrangement of 
the figure above re|ircsentcd is shown in Fig. 1 1 . 

A carbon atom, in combination with four different kinds of 
atoms 01" gronijs, is called an asymmHrkal carbon altim. 
Whenever, therefore, a compound contains an osymmetricftl 
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carbon atom, there are two possible arrangBmentB of its pai-ts 
in space which correspond to the two complementary tetra- 
hedrona, viz., the right-handed and the lefl-h'inded tetrahedron. 
In ethylidene lactic lU'id there is an asjmmeti-ical carbon atom, 
as shown by the ordinary formula, which may be written thus : 
H 

CHj — C — OH, the central carbon atom appearing in combination 

with (1) hydrt^en, (2) hydrnxyl, (3) carbosyl, and (4) methyl. 
Hence, according to the hypothesis juat stated, there ought to 
be two poasiblo arrangements of the parts of a compound 
coiitainhig this gronp, one corresponding to the right-handed 
tetrahedron, the other to the left-handed tetrahedron. Both 
would l>e etkylideiie-laetic acids. Thus we have at least a 
plausible explanation of the existence of two ethybdeue -lactic 



There are several hydroxy -butyric and valeric acids known, 

but they need not be considered here. 

IlYDROXr- ACIDS, CoHj^O,, 

The acids jnst considered may be called monohydroxy-mono- 
haaic acids. Similarly, there are dibydroxy-monolKtine adds, 
which may be regarded as derived from the mo noliyd rosy-acids 
iiy the introduction of a second hydroxyl. Thus, if into lactic 

».'id. CU,.ca<^^^, a second hydroxyl bo introdaccd. the 

CIL,.0H 
product would have the formula CH.OH- Tliia is the best 

CO,,H 
known dihydroxy -mono basic acid of thu pariillln series. 
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J acid, CsHjOj - CHOH . — This acid has been 



CO,H 



referred to oe ttie first pi'oduct of the oxidation of glyceriu. It 
is prepared b_v allowing glycerin and nitric acid to stand together 
at the ordinary temperature for some time, and then heating on 
the water-bath. It may be made also by treating one of the 
chlor-lactic acids with water. 






L Student. — Explain this 



" Glyceric acid is a thick syrup which mixes with water and 
alcohol. When treated with very concentrated hydriodic acid, 
it ia converted into ^-iodo-propionic acid. Thia conversion 
involves two reactions : — 



(1) 



CHjOH 

I 
CHOH + 

I 

coja 



CH,I 
I 
= CHOH - 
I 

co,n 



» 



CHOH + 2 HI = CII3 + II, 

I I 

CO^ COaH 

HrcKOXY-ACiDS, C„Hi„_jOi. 



The acids included under this head are morwhydroxy-dibcaic 
acids. They bear the same relation to the dibasic acids of the ■ 
oxalic acid series that the simplest liydroxy-acids bear to the 1 
members of the formic acid series. The principal members of 
this series, and the only ones which will be considered, are '| 
tartrouic acid and malic acid. 



^^^M Tartronic 



MALIC ACID. 



Tartronic acid, C;,H,05[=CH(0H)< 

' Is prepared by an indirect 



itliod fi'om tartaric acid. It may 



(1) By boiling brom-malonic acid with silver oxide and 
water : — 

(2) By treating brom-cyan-acetic acid with caustic potash : — 



= CII(OII) <^^^Jb + NHa + KBr. 

Tartronic acid is a solid which crystallizes in prismatic erjatalfl. 
It is easily soluble in water, alcohol, and ether. It melts at 
146°. At 155° it gives off carbon dioxide and water, and is 
converted into glycolide (which see) : — 
^ C0,11 _ .,„ ^ Olt 



(1) 



CH(OH) < 



COjH 



Glj™ 



CO,H 



- CO,. 



NoTB von Studekt. — Compare reaction (1) with that which takes 
place when iso-succlnic acid is heuted, and note the analogy. 

Hydroxy-auocinio acids, C,H,oJ=C,Hj(OH)<p^'^\ — 
Tbree hydroxy -snccintc acids have been described, the principal 
one being ordinary malic acid, 

/ CH[OH).CO,H\ 
Malio acid. C.HhO, = i ,— This acid is very 

V CHi-COiH / 
widely distributed in the vegetaljle kingdom, as in the berriea 
of the mountain ash, in apples, cherries, etc. 

It is best prepared from tbe berries of tbe luountalu e^h. 



1^ 

^^ BUCC 
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which have not quite reached ripeness. The berries are presseS 
and boiled with mUk of lime. The acid paBees into eolutioD 
tbe calcium anlt, and this is purified by crystallization. 
It may be made also by treating aspartic acid, which is amido- 



ing tartaric acid with liydriodie acid. This latter reaction will 
be explained when tartaric acid is considered. Tartaric and 
malic acids are closely related to each other, and both are 
related to succinic acid, as will appear from the reactions. 

Malic acid is a soHd substance which crystallizes with diffl< 

culty. It is very easily soluble in water and in alcohol. Ms 

m-wolutions tuTH the plane of polarization to the right or to the lefi^ 

§t$Oording to the concentration. 

When heated it loses water and yields either fumaric or. 
Dialeic acid (which see), according to the temperature. These 
acids are isomeric, aud lioth are represented by the foiinulai 
OjH,< ' . The reaction mentioned is represented by the 
following equation: — 

^ COjH „ p TT ^ CO,H 



- II..O. 



NOTK ron Studknt. — Compare this reaction « lib that wliicli takes 
when lifdracryllc la heated, and not« the Analogy, 

When treated with hydriodio acid, malic acid is reduced to 
Buccinic add. 

Note foe Student. — Compare thla reaction with the conduct of 
lactic aud glyceric adds when treated with hydrlodic acid. 

p Treated with hydrobromic acid, mahe acid is converted into 
^Uono-brom -succinic acid 

The reactions jnst described show clearly that malic acid la 
hydroxy-succinic acid. Nevertheless, if hydroxy-succiiiio add: 
f>e made by tivating brona -succinic acid with silver oxide and'. 
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wflter, the product U not identical with ordinary malic acid, 

though the two reuemble each other very closely. The acid 
thus obtained ia — 

Inactive malic acid, CHjIOHxSqS- — Inactive malic 
acid may be made not only by the metliod first mentioned, but 
by several others, which indicate that the relation between it 
and succinic acid is that expreseed in the formula given. It, 
like ordinary malic acid, is unquestionably a hydroxy-succinic 
acid, and both are derived from ordinary succinic acid. 

Other reactions for the preparation of inactive malic acid 



I 
I 



(1) By treating die hlor-prop ionic acid with potassiuoi cyanide, 
and boiling the product with caustic potash : — 

CnjCl.CIlCl.CO,H + KCN 
CH,CN 
= I +KC1; 

CHCl.COjH 

CH,CN 

I + 2 KOH + HjO 

CHCl.CO^ 

CHj.COJi: 
= 1 + KCl + NH,. 

CH(OH).CO^ 



(2) By heating fumaric acid with water: — 

C.H,<^^';; + Hp = CA(OH)<™'^; and 



(3) By reduction of racemic acid with hydriodic acid. Ra- 
ccmic acid has the same com])osition as tartaric acid. The 
latter, when treated with hydriodic acid, yields active malic 
acid. 

The properties of inactive malic acid are very much like 
those of active malic acid. As re^tda Ibftis dtteBsiss&. sjw^sft'* 
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they are almost identical. The principal difference between 
tfaem is observed in their cjiiduct towards jwlaiized light- 
They present a new case of physiml inomerism of the same 
kind as that referred to in connectiun with the lactic acids 
(which sec). The same hypotbesis may be applied to this 
case, for malic acid contains an axi/mmetricat carbon atom, aa 
will be seen by writing the formula in tliia way : — 



I 



I 
COsH-C-OH. 



CHj .CO^H 



HtDHOXY-ACIDS, CnHjn 



These are di-Iir/droxy-dilaaic odda. The chief members of 
the group arc mesoxalic acid and the different raodificationa 
of tartaric acid. 

I Mesoxalic acid, C:,H,0„[^=C(OH),<^Q'g\ — This acid 
is obtained by indirect and rather complicated reactions from 
uric acid (which see). It has been made also by boiling di- 
brom-maloiiic acid with baryta-water. 

r Note for Stuuknt. — Esplain this reucOon. 

I The acid forms deliquescent needles. When boiled it Iomb 

cavbou dioxide and water, and glyoxylic acid, which is an alde- 
hyde and acid related to oxalic acid, is formed : — 

con cno 
€(on),<^,^^^= I +C0, + n,o. 



' This acid affords an example of a very rare condition ; viz, 
the existence of a compound iu which two hydroxyU are i 
eombiimtioa with one and the same carbon atom. 
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Di-hydroxy-succinic acids, C,H,o/^ C,H,(OH),<5q'„\ 



^^^V Di-bydr< 

^^^ CH{OH|.CO,H 

^^^■J. Tartaric acid, I . — Ordinary tartaric add 

^^P CHIOH).CO,E 

^^^1 occurs very widely distributtid iu fruits, sometimea free, some- 
times in the form of the potassium or calcium salt; aa, for 
example, in grnpes, berries of the mountain Bish, potatoes, 
cucumbers, etc., etc. 

Bit may be made by the following methods : — 
(1) By oxidizing sugar of milk with nitric acid; 
(2) Also by oxidizing cane sugar, starcb, glucose, and other 
«milar subs tan ci 
Tartaric acid is "prepared from "tartar," which ia impure 
acid potassium tartrate. When grape juice ferments this aaU 
is deposited. It is purified by crystallization, converted into 
the calcium salt by treating it with chalk, and the calcium salt 

thee decomposed by means of sulphuric acid, 

The acid crystallizes in large monocliuic prisms, which are 

Vessily solabJe in water and alcohol. It melts at 1S5°. Ra 

Klvtion turns tJie plcme of polnrhaiiun to the rigid. 

Treated with hydrtodic acid, tartaric acid yields first malic 
wid and then ordinary succinic acid 



"COjH 

= C=H3(0II)<^^^JJ -h H,0 + I,; 

Ualic ncld. 

-CJ!,<™;,'f+H.O+I.. 

SOL'uinla udd. 

While malic acid is mono-hydroxy -succinic add, ordinary 
taric acid appears to be di -hydroxy-succinic acid. But, JuBt 
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&B we found that the malic acid prepared from mono-brom -suc- 
cinic acid ia optically inactive, and thererore different from 
natural, active malic acid, so too it has beeu found that tlic 
tartaric acid prepared from di-brom-succinic acid in optically 
inactive, and therefore different from ordinary tartaric acid. 
The relations between the natural and tlie artificial acida will 
be considered more fully below. 

Tartrates. Among the salts the following may be mentioned 
specially : — 

Mono-pota»aium lartrate, KH,C,H,0». This ia tbe chief 
constituent of tartar. In pure form, as used in medicine, it is 
known under the name of cream of tartar. 

Sodium-potasgium tartrate^ KNa . C,H,Og + 4 UjO. This 
Bait crystallizes very beautifully. It is kuown as RoclieRe salt 
or Seignette salt. 

Calcium tartrate, Ca.C.HtOo + 4 H,0. This salt occurs in 
seuna leaves and in grapes. It forma a crystalline powder or 
rhombic octahedrons. 

Potas^um-antirtionyl tartrate, K ( SbO ) . C.II^O, -f- ^HaO. 
This ia known as tartar emetic. It is prepared by digesting 
antimonic oxide with mono-potassium tartrate. It crystallizes 
in rhombic octahedrons. It loses its water of crystatlizatiou at 
100°, and at 200 to 220° is converted into an antimony potas- 
sium salt of the formula KSb-CJ-IsO^. 

2. Raoemic acid, G.HuOi + BjO. — Racemic acid occurs, 
together with tartaric acid, iu many kinds of grapes, and, on 
recrystallizing the crude tartar, acid potassium racemat«, being 
more soluble than the tartrate, remains in the mother liquors. 
Racemic acid is formed by boiling ordinary tartaric acid with 
water, or with hydrochloric acid. If tartaric acid be heated 
with water in sealed tubes at 175°, it is almost completely 
transformed into racemic acid. It is formed further by oxida- 
tion of dulcite, manuite, cane sugar, gum, etc., with nitric 
add. It, together with a third variety of tartaric acid, ktKnim a» 
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dive tartaric acid, is jbrmed when bihrom-svccinic acid I's 
reated with silver oxide and water. 

Rucemic acid differs from tartaric acid in many ways. It 
crystallizes differently, and contains water of cryBtallization, 
It is less soluble than tartaric acid. It produces precipitates 
in solutions of lime salts, while tartaric acid does not. Macemia 
acid is optically inactive, wliile tartaric aeid is dextro-rotatory. 
On the other hand, raeemic and tartaric acids conduct them- 
selves towards most reagents exactly alike. 

Thus far the relations between raeemic and tartaric acids 
appear very much like those which are observed between active 
(vnd inactive lactic acids and between active and inactive malic 
acids. But there remains to be described an extremely inter- 
esting experiment, which throws new light upon the relations 
1 between tartaric and raeemic acida, 
■ When a solution of ammonium-sodium racemate, 

P (NH4)Na.C.HA. 

Is allowed to evaporate spontaneously, beantifnl large crystals 
are deposited. On examining these earefliUy, they are found 
to be of two kinds. On the crystals of one kind ceitain hemi- 
hcdral faces are developed, while on the crystals of the other 
kind the complementary hemiliedral faces are developed; so 
that if a crystal of one kind is placed in front of a. mirror, 
its reflection will represent the arrangement of the hemihedral 
faces met with on a crystal of the other kind. The ciystals 
may be acparated into right-handed, or those which have the 
right-handed hemihedral faces, aud left-handed, or those which 
have the left-handed hemihedral faces. 

On separating the acid from the right-handed crystals it is 
found to be ordinary dextro-rotatory tartaric acid; while the 
aoid from the left-handed crystals is an isomeric substance 
called leeao-rotaiory tartaric acid. When these two varieties 
of tartaric acid are brought together in solution, they unite, the 
action being attended by an elevation of temperatnre, and the 
retuiti3 raeemic acid. 
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We Bee thus that the inactive racetnic acid consists of two 
optically active bodies in combination, one of which, ordinary 
tartaric acid, is dextro-rotatory, and the other lievo-rotatory. 

Inactive malic acid has been resolved into two active vari- 
eties, one of which is dextro-rotatory and the other l»evo- 
rotatory. And it is not improbable that inactive lactic ucid 
may be resolved in a similar way. 

Inactive tartaric acid is very similar to racemic acid. It 
is formed together with racemic acid by treating dibrom-suc- 
cinic acid with silver oxide and water. Nothing is known 
regarding the relation of this substance to the other tartaric 
acids. 

HroKOXt-ACiDS, C„H,„_,Or. 

These are mono-hijdroxy-lribasie adds. Citric add is the 
only one known. 

, t oo,a 

Citric acid, C„H,0,-fH,0( = C,H,IOH) !CO,H). — Citric 
V ( CO,H/ 

acid, like malic and tartaric acids, is very widely distributed in 
nature in many varieties of fruit, especially in lemons, in which 
it occurs in the free condition. It is found in carrants, whortle- 
berries, raspberries, gooseberries, etc., etc. 

It is prepared from lemon juice. This is allowed to ferment 
and is then treated with lime. The lime salt ia thus obtained 
in the form of a precipitate, is collected, and decomposed with 
sulphuric aeid. 100 parts of lemons yield 5^ parts of the acid. 

Citric acid crystallizes in rhombic prisms which are very easily 
soluble in water. The crystallized aeid melt« nt 100°, the 
anhydrous at 153° to 154". Heated to 175° it loses water and 
yields aeonitic acid (which see): — 

c COJI f COeH 

^^m C,II.(OII) J COJI = CJI, ] COiH + lift. 

^^m ( co,u ( co,M 
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NoTR POH STtTDBNT. — Compare with formation of acrylic from 
Iracr; lie acid ; and of malelc and f amiiric acids from malic acid. 

Aconitic acid takes up hydrc^en, and is tranafonned into tri- 
carballylic add (whicli sec). Thus a clear conoeetion between 
tricarballvlic acid and citric acid is traced, the latter appeariDg 
as hydroxy-tricarballylic acid. Citric aeid has been made arti- 
Qcially by a eomewbat complicated method. 

When subjected to dry distillation, citric acid loses both water 
and carbon dioxide, and yields dtraconic add, c,H, < p^, „, 
(which Bee) ; if heated with water or dilute sulphuric acid to 
(which see). 



CaH<(OH) ] CO^H = 

(.CO^H ^ ' 

FOR Student. — Wliat relation, b 



( CO,H , 



concerned, do these two acids of the formala C.H,^ 



CitTOtes. A few of the salts of citric aeid are mentioned : — 
^ Mono-potoBaium citrate, KHfCsHjO, + 2 HjO ; 
^L JM'potaaaium. citrate, K^H .CgHnOi ; 

^K Tri-potasamm citrate, Ka-CoHjO, + HjO, All these potas- 
■■■sinm salts are easily soluble in water. They are made by 
mixing citric acid and potassium carbonate in the right pro- 
portions. 

Calcium citrate, Ca3(CoHjO,)>+ * H^. This salt is formed 
by mixing a citrate of an alliaH with calcium chloride. It is 
more easily soluble in cold than in hot water i hence boiling 
causes a precipitate in dilute solutions. 

Magneaiwm. citrate, Mgj(CaHjO,)i+ H HjO. Tliis may be 
made liy dissolving magnesia in citric aoid. It is used in 
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HrnBOXT- ACIDS, C„Hj„_jO|!. 

TUere art; two acifls to be considered under this head. They 
:, and both are tetnv-liydroxy-dihasic. 



Saccharic acid, C6H,„OJ = C,H,(OH).<J; 



— Sacchfiric 



01 



I 



CO,H\ 

tid is formed by tiie osida,tioD of cane sugar, glucose, or sugar 
ilk with nitric acid. 

To prepare it, it is best to treat ordinary sugar with dilotd 

[trie acid. Oxalic acid is formed at the same time. 

It is au amorphous mass, which becomes solid only with 
difficulty. When treated with hydriodlc aoid It is converted 
into adipic acid, a member of the oxalic acid serie* (see table, 
page 142) : 



C,H.(OH). < ^°'JJ + 8 III = CI.II, < ^JJ^JJ + 4 n,0 



+ 81 



Mucio aoid, C,;H„,Oi = C,E,(0H)i<^9'^j. — Mucio aoid 
jy oxidizing sugar of milk, the gums, or dulcite, with 
nitric acid. 

It is best prepared by boiling sugar of milk with ordinary 
nitric acid. Oxalic and tartaric acids are formed at the same 
time. 

rystalline powder which is very difficultly sohiHe in 

lid water. Hydriodic acid converts it into adipic acid (see 

under Saccharic Acid) . 
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Among the niixeiS pompounds, or compoiiuds which belong at 
the same timo to more tliau one of the fundamental elaasea of 
carbon compounds, are the important bodies called carbohy- 
drates. This name was originally given to them because the 
hydrc^oii and oxygen which enter into their composition are 
always present in the proijortion to form wat^r, as shown in the 
formulas for dextrose, C^oHuO,,, starch, C'allioOs, etc. All the 
com[>ounds belonging to the class of carbohydrates are more or 
less intimately related to the hex-acid alcohols, as mannite and 
dulcitfi, CaHs(OH),. Aecording lo their composition, they fall 
naturally into three groups. These are : — 

1. The glucose group of the formula CbHuOb- 

The principal members of this group are dexti-ose or griipe 
sugar, leviilose or fruit sugar, and galactose. 

2. The cane sugar grovp of the formula C'tiTIjjOii. 

The principal members are cane sugar, sugar of milk, and 
maltose. 

3. Tlie cellidose group of the formula (CjHmOs),. 

The principal members are cellulose, starch, gum, and dextrin. 

»TnE Glucose Gsoup, CsHiA- 
Dextrose, glucose, grape sugar, CbHijOo. — Destroae 
occurs very widely distributed in the vegetable kingdom, par- 
ticulariy in sweet fruits, in which it is found together with an 
equivalent quantity of levulose. It is fouud in honey t^ether 
with cane sugar and some levulose. It oocnrs, further, in the 
blood, in the liver, and in the urine ; and, iu the disease calleil 
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Diabetes melUlus the quantity coDtained in the ui'ine is largely 
increased, I'eactuDg as much as 8 to 10 per cent. 

Dextrose is formed from several of the carbohydrates of the 

I formulas CioHjiOii and CoHuOg, by boiling with dilute mineral 

acids, or by the action of ferments. The formation from cane 

sngar takes place according to this equation, equivalent quanti- 

tiea of dextrose and levnlose being fonned ; — - 



Starch, cellulose, and dextrin yield dextrose according ta this 
equation : — 

QHigO, -f H,0 = C,H, A- 

Finally, dextrose occurs in nature, in combination with a 
number of carbon compounds, in the so-called gbicosides. These 
break up easily when treated with dilute mineral acids or fer- 
ments, and yield dextrose os one of the products (see Glucos- 
ides) . Examples of the glucosides are amygdalin, tesculin, 
quercitrin, etc. 

Dextrose is prepared on the large scale from com starch in 
the United States, and from potato starch in Germany. The 
transformation is usually effected by boiling with dilute sul- 
phuric acid, though oxalic acid is used to some extent, and phos- 
phoric acid lias also been used. The excess of acid is removed 
by treating the solutions with chalk, and filtering. The filtered 
solutions are evaporated down cither to a syrupy consistency, 
and sent into the market under the names "glucose," "mixing 
syrup," etc., or to dryness, the soUd product being kuowu in com- 
merce as "grape sugar." By evaporating the solutions down 
to such a concentration that they contain from 12 to 15 per 

int of dextrose, crystals are formed which closely resemble 
those of cane sugar. They consist of anhydrous gra[>e sugar. 

leir formation is facilitated by adding a little of the crystal- 
'Uzed substance to the concentrated solutions. 

// in the treatment of starch with sulphuric acid the trans- 
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formation is not complete, and this is usually the case, the 
product ia a mixture of dextrose, maltose, and dextrin. The 
longer the action continues, the lai^er the percent^e of 
dextrose. 

Dextrose crystallizes from concentrated solutions, usually 
crystalline masses consisting of minute six-sided plates. The 
mass, as seen in commercial "granulated grape sugar," looka 
very much hke granulated sugar. It crystallizes from alcohol 
in mono-clinic crystals. It ia sweet, but not as sweet as cane 
sugar. According to the latest estimations, the sweetness 
dextrose is to that of cane sugar as 3 to 5. Its solutions turn 
the plane of polarization to the right. 

Dextrose is easily oxidized, reducing the salts of silver and 
copper. When treated with nascent hydrogen, it yields, among 
other products, mannite and hexyl alcohol. Under the influence 
of yeast it ferments, yielding mainly alcohol and carbon dioxide. 
Putrid cheese transforms it first into lactic acid and then into 
butyric acid by the so-called lactic acid fermentation. 

Dextrose forms com]jounds with metals and salts. Among 

the better known compounds of this kind are those mentioned 

■ibelow ; — 

^V Sodium dextrose .... CeHiiOg.Na; 

I SocUum chloride deictrone . 2 C„II^Ob . NaCl -f- HjO ; 

also, C„H„0,.NaCl -|- 111,0, and CoIItaOg.2 NaCl. These 
compounds, with sodium chloride, crystallize well, and can be 
■"Msily obtained in pure qondition. 

Cupric oxide dextrose . . C'jH,jO|i. 5 CuO. 

By treatment with acetic anhydride, dextrose yields a product 
itnining Ave acetyl groups, pen t-acety I- dextrose, 
C(H,(C',HjO)»0,. 

Student.^ What doca tlie formation of this corapouud 
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It is often importaDt to know the quantity of dextrose con- 
tained in a given liquid ; ae, for example, iu the urine in a case 
of suspected disibetee. For the purpose of making the estima- 
tion, advantage is taken of the action of dextrose towards aa 
alkaline solution of copper sulphate. The solution commonly 
used is that known as FeMing's solution. It is prepared by 
dissolving S4.G4^ crystallized pure copper sulphate in wat«r, 
adding a solution of 200* potassium sodium tarb-atc, and GOO* 
to 700' caustic so<]a of the specific gravity 1.12, and diluting 
so tliat the whole makes one litre. 

Experiment 38. Make half tlie qaantlty of Felillng's Bolation 
above nieatioDeU, and put in a bottle with a glass stopper. Id a test- 
tube lioll about 10'^ of tbiH liolutlou, uiid then add a few drops of a 
dilute solution ot glucose. Coutioue to boll, and add a little more of 
the glucose solution ; and so on, Qutll, on retnovlng the tube from the 
lamp, a dark-red unirorni-looliltig precipitate settles, leaving the liquid 
above It perl^ctlj clear and colorless. This precipitate is cuprous 
oxide. Q; taking proper precautions, the exact amount of dextrose 
pi'escut ill a solution may be estimated lu this way. 

Regarding the relation between mannite and dextrose we have 
not much positivis knowledge. The fact that dextrose so readily 
reduces metallic salts, and is converted into mannite by reduc- 
tion, bus led to the belief that it is an aldehyde of loanuite, as 
ClI,OH 
I 
represented by the formula (CHOH),, the correspoudiug alcohol 

CH,0II con 
or mannite being (f^HOHl^. While dextrose is converted into 

ClljOn 
mannitfi by reduction, mannite is not converted into dextrose 
by oxidation. Both substances are converted into saccharic 
acid by oxidizing agents, the relations between the three sub- 
stances beiug shown by the formulas 
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I CILOII 


CO,H 




), (CHOH), 


(CIIOH),. 




I con 


COJI 





LevuloBe (fruit sugar), CiHi.Oo. — As has been stated, 
lovulosG occurs tt^other ivith duxtroso, aud in equivalent quanti- 
ties, ill fruits ; aud ia foiiued by tlie aution of dilute mineral 
acids, or fcrmeDts on cane sugar, this lost breaking up accord- 
ing to the equation, — 



CisIUO,, 



- II..0 = 



Cfilli^O, -I- C„H„0„. 



As caue sugar is found in unripe fmits, it ie probable that 
tbc change represented by tbe above equation takes place in the 
process of ripening. 

Levulose does not solidify, but forms a thick syrup. It is 
alxjiit as sweet as cane sngar. It turns the plane of poiarixaiion 
to the left. 



It acts towards Fehling's solution the same as dextrose. By 
nascent Jiydrogen it is reduced to maunite ; and by oxidizing 
agents it is converted int<) Haceharic acid. 

The saine arguments which lead to the belief, that dextrose 
Iwars to mannite the relation of an aldehyde to au alcoliol, 
lead also to the coucUision that levulose bears the same 
relation to mannite. At present we do not know what is 
tlje cause of tlie isomerism of dextrose and levnlose. Though 
tlie same hypotbusis that was explained in connection with 
the two lactic acids may be applied also in this case, as 
the formula ropreseutiug dextrose and levulose as aldehydes 
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I of maaiiite show thnt each contains an asymmcti-ics 
COH 



(CHOH), 
CH.OH 

Galactose, C^HijOn. — This Buhstancc ia formed h^ctht 
with dextrose when either eugar of milk or giitn arahic is boile 
with dilute sulphuric acid. 

It crystallizes in large rhorahic prisms, which melt at 130° 
is easily soluble in hot water, but much lees so in cold water- 
' less sweet than cane sugar ; turns the plane of iwlarizatioii 
tiie left; conducts itself in some respects like dextrose, 
reduces Fehling's solution ; gives mucic acid with nitrio aci 
and doldte with sodium amalgam. It does not ferment wi 
jeaet. 

The Cane-soqar Group, CuHjjOu. 
Cane angar, CuH^On. — This well-known variety of sng 
occurs very widely distributed in nature, in sugar ciine, sorghum 
the Java palm, the sugar maple, beets, madder root, coffee, 
walnuts, hazel nuts, sweet and bitter almonds ; in the bloasonw 
of many plants; in honey, etc., etc. 

It is obtained mainly from the sugar cane and from beeta 
In either case the processes of extraction and refiinng are lat^e^ 
mechanical. When sugar cane is used, this is macerated witj 
water to diasolve the sugar. Thus a dark-colored solution i 
obtained. This is evaporated, and tlien passed through flltei 
of bone-black which remove the coloring matter. The »olu 
tion is evaporated in the air to some esteut, and then 
I /u;g^e vessels called "vacuum pane," from which the air ] 
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partly exbatieted, so that the boiling takes place at a lower 
temperaturo than would he required under the ordiiiarv pres- 
sure of the atmosphere. The mixture of crystals and mother 
liquors obtained from the "vacuum pans" is freed from the 
liquid by being brought iato the "centrifugals." These are 
funnel-shaped sieves which are revolved very rapidly, the liquid 
being thns thrown by centrifugal force through the openings 
of the sieve, while the crystab remain behind and are thus 
nearly dried. Tlie final drying is effected by placing the crys- 
tals in a warm room. 

"When beete are used the process is essentially the same, 
though there are some differences in the details. 

The mother liquors which are obtained from the "centrif- 
ugals " are further evaporated, and yield lower grades of sugar ; 
and, finally, a syruj) is obtained which does not crystallize. 
This is molasses. Molasses is sometimes brought into the 
market as such ; sometimes, particularly when obtained from 
beet sugar, it is allowed to ferment for tlie iiurpose of making 
alcohol. The spent wash, or waste liquor, "vinasse," is now 
evaiiorated to dryness and calcined for the purpose of getting 
the alkaline salts contained in the residues. The products of 
distillation are collected, and from them are separated methyl 
alcohol and tri -methyl- amine {see p. 90). 

Sugar crystallizes from water in well-formed, large mono- 
clinic priams. It is dextro-rotatory. When heated to 210° to 
220°, cane sngar loses water, and is converted into the substance 
called caramel, which is more or less brown in color, according 
to the dm-ation of the heating and the temperature reached. 
Boiled with dilute acids, cane sugar is split into equal parts 
of dextrose and levulose, as has been stated. The mixture of 
the two is called tuvert-stigar. The process is called inversion. 
It takes place, to some extent, wlicu impure sugar is allowed 
to stand. Hence invert-sngar is contained in the brown sugars 
found ill tlio market. Yeast gradually transforms cane sugar 
into dextrose and lev'ulose, and these then undergo fermenta- 
Cane engar itself does not I^tqaiiX.. 
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AmiDgc two pieces of nppftMttis m la Gzp. 7' 
^« U..C pnt i» to 50> grape sugar aud n cortaiu qa&ntitf of jsost, a» 
in Exp. 7; \a the otliur put the same Amount of cane augur and of 
yeast. Notice the differtnce. 

Cano Gugar does not redace an alkolioe solution of copper^ 

ksalphato. 
Experiment 40. Prepare n dilute solution of cane sugar by diS' 
Bolviug IS to 2K in 200" ivater. Test this with Fthling's solution, 
as In E\p. 38. Now add to the sugar solution 10 drops concentrated 
hydrochloric acid, and licat for half an hour on the water-bath at 
100°; exactly neutralize the acid with a dilute solution of sodium 
carbonate, and t«Bt with FelUiug's solution. 

Oxidizing agents readily convert cane sugar into oxalic acid 
(see Exp. 34) and aaccliaric acid. 

Like dextrose, cane sugar forms compounds with metals, 
metallic oxides, and Baits. Among tbeso the following may 
be mentioned : — 

■ Sodium, merate .... C„HnO,i . Xa, 

P Sodium-chloride sucrate . . CijHuOh . NaCl, 

Calcium sucrate .... CuH<DO]|.Ca, 

and Lime sucrate CuHuOi,. 2CaO. 

ThoBC derivatives are not sweet. 

An oct-acetate of the formula C|in„(CjII,0)aOu lias been 
made by treating sugar with sodium acetate and acetic anhy- 
dride. 

Though cano sugar readily breaks np into dextrose and levn- 
loae, no one has succeeded as yet in effecting tlie union of these 
two substances to form cane sugar. The character of the 
relation between it and the two glucoses is not uuderstood. 

Sugar of milk, lactoae, C„H^,0,i + HiO. — This sugar ■ 
occurs in the milk of all mammals. It is obtained in the maau- 
facOire of cheese. The caselin is separated from the milk by 
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means of reonet. The sugar of milk remaina in solution, is 
Beparated by evaporation, and piirifled bj- recrystallization. It 
cryBtallizes in rhombic crystals. That whicb coraos into the 
market has been crystallized on strings or wood splinters. It 
has a slightly aweet taste ; is mnch less soluble in water than 
cane sugar, and is dextro-rotatory. It reduces Fehling's solu- 
tion. Oxidized with nitric acid, it yields mncic and aaceharie 
acids. Nascent hydrogen converts sugar of milk into mannite, 
dulcite, and otlier substances. Like dextrose and cane sngar, 
it forms compounds with baaea, dissolving lime, baryta, lead 
oxide, etc. 

Sugar of milk ferments under certain circumstances, and 
breaks up into alcohol and lactic acid. The souring of milk 
is a result of this fermentation. The lactic acid formed coagu- 
lates tlie casein ; hence the thickening. 

Maltose, Ci.jHijOu This carljohydratc is formed by the 

action of maZi on starch. Malt, which is made by steeping 
barley in water until it germinates, and then drying it, contains 
a substance called diaxtase, which has the power of effecting 
changes similar to some of those effected by the ferments. 
Thus, it acts upon starch, and converts it into dextrin and 
maltose : — 

3 CaH,„0, -t HjO = C ^1^0,, + CaH^O,. 

Slarrh. MbIWjm. Deitrtn. 

Maltose is also formed by the action of dilute sulphuric acid 
upon starch, and is hence contained in commercial glucoses. 
By further treatment with sulphuric acid it is con>'erted into 
dextrose. Maltose crystallizes in fine needles ; is dextro-rota- 
tory ; reduces Fehling's solution, and ferments with yeast. 

The Cellulose Grolp, CbHwOj. 

Celluloae, diHioO,. — Cellulose forms, as it were, the ground 

work of all vegetable tissues. It presents different appearances 

and dilferent properties, according to the source from which it 
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is obtained ; but tbese diScrcncos are due to subetanccs yiith 
which the cellulose ia mixed ; and when they are removed, the 
cellulose left biihind is the same thing, no matter what iti sonrce 
may hsivo been. The coarse wood of trees, as well as the ten- 
der shoots of the most delicate plants, all contain cellulose as 
an essential coustituent. It forms the membrane of the cells. 
Cotton-wool, bemp, and flax consist almost wholly of cellulose. 

For the preparation of cellulose, either Swedish filter-paper 
or cotton-wool may be taken. 

Expprlmpnt 41. Treat some cotton-wool successively with ether, 
alcobol, water, a caustic alkali, aud, finally, a dilute acid. Then wosb 
with water. 

Cellulose is ainoi'phous ; insoluble in all ordiuary solyeats ; 
soluble in an ammoniacal solution of cupric oxide. 

Experiment 42. Add some ammonium chloride to a sohition of 

copper sulphate; precipitate with caustic soda; filter, and carefully 
wash. Dissolve the cupric hydroxide thus obtalaed in ammonia. ThB 
Bolotion ia knowu aa SchweizeT'i reagent. It wilt dissolve cellulose. 
Try It witli some of the cellulose obtained In Exp. 11. 

Cellulose dissolvea in concentrated sulphuric acid. If the 
solution be diluted and boiled, the cellulose is converted into 
dextrin and dextrose. It will thus be seen that rags, which 
consist largely of cellulose, paper, and wood, might be used 
for the preparation of dextrose or glucose, and cottsequently 
of alcohol. 

Otin cotton, pyroxylin, mtro-cellulose. — Cellulose has 
some of the properties of alcohols ; among them the power to 
form ethereal salts with acids. Thns, when treated with nitric 
acid, it forms several nitrates, just as glycerin forms the nitrates 
known as nitro-glycerin (which see). 

Treated for a short time with sulphuric and nitric acids/ 
oelJaloae ia converted into the lower nitrates, particularly 
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tetra- and penta-nitrates. A solution of these in a mixture of 
etber and alcohol is known as collodion solution, whii;!) is moeh 
used in photography. When poured ui>on any surface, such as 
giaas, the ether and alcohol rapidly cvapprato, leaving a thin 
coating of the nitrates which were in solution. 

When treated for twenty-four hours at 10° with a mixture 
of nitric and sulphuric acids, cellulose yields the liexa-nitrate 
Ci^„0,(0. N0,)o, which is used as an explosive under the 
name of gun cotton. It is iiaed chiefly for blasting. 

An intimat* mistiu'e of gun cotton and camphor has come 
into extensive use under the name of celbdout. As it is plastic 
at a slightly elevated temperature, it can easily be moulded into 
any desired shape. When it cools it hardens. 

Paper. — Paper in its many forma consists mainly of celln- 
lose. The essential features in the manufacture of paper are, 
first, the disintegration of the substances used. This is effected 
partly raechanicaliy, and partly by boiling with caustic aoda. 
Then it is converted into pulp by means of knives placed on 
rollers. The pulp, with the necessary quantity of water, is 
then passed between rollers. Chiefly rags of cotton or linen 
are used in the manufacture of paper; wood and straw are 
also used. 

Starch, CHmOj. — Starch is found everywhere in the vege- 
table kingdom in large qnantity, particularly in all kinds of 
grain, as maize, wheat, etc. ; in tubers, as the potato, arrow- 
root, etc. ; in fruits, as cheatnute, acorns, etc. 

In the United States starch Is manufactured mainly from 
maize ; in EuToi>e, from potatoes. 

The processes involved in the manufacture of starch are 
mostly mechanical. The maize is first treated with warm 
water ; the aofteued grain is then ground between stones, a 
stream of water running coutiuuoualy into the mill. The tliin 
paste wbich is carried away is brought upon sieves of silk bolt- 
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ing-clotli, wliich are kept in cooBtant motion. The starch paBses 
through with the water as a milhy Quid. This is allowed to 
settle when the water is drawn off. The starch is nest treated 
with water containing a little alkali (caustic soda, or sodiom 
carbonate), the object of which is to ilissolve gluten, oil, etc. 
The mixture is now hi'ought into shallow, long wooden mns. 
where the starch is deposited, the alkaline water muning off. 
Finally, the starch is waahed with water, aud dried at a low 
temperature. 

Starch has a granular stnicttire, the grains as seen nnder the 
microscope having a series of concentric markings, of which the 
nucleus appears to be at one side. 

Starch in its usual condition is insoluble in water- If groand 
with cold water, it is partly dissolved. If heated with water, 
the membranes of the stareh-cells are broken, and the coateutB 
form a partiiil solution. On coolii^, it forms a transparent 
jeUy called starch paste. 

With iodine, starch paste gives a deep blue color ; with bro- 

bie, a yellow color. 

Elxperiment 43. Mote some starch paste tbas : Pnl a few grams 
of Btaicli' in aa evsporiLtlDg dish; pour enough cold water npoii it to 
cover it; grind it utidcr the water with a pestle, and thcu pour S0O=° to 
300" hot water upon it. 'Whcu this is cool, add a few drops to a litre 
of water, and then add a few drops of potaBsiuni iodide. As long as 
the iodine Is in coral)1natlon with tlie potassium no change of color 
takes placu ; but if tbe iodine bo set tree by the addition of a drop or 
two of chlorine water, or of strong nitric acid, the entire liquid toms 
n beaiitirul darlc blue. The cause of this color Is the formatlou of a 
very nnstable compound of starch and Iodine. The color is eatill]' 
destroyed b; a slight excess of chlorine water (try it in a test-tube) ; 
bj- alliaUes (try It) ; by sulphurous acid (try it) ; by hydrogen sulphide 
(try it) ; etc. It is hIso destroyed by heating. (Heat some of the 
solntion in a test-tube, and let It stand.) Tlie color reappears on 
cooling. 



Kxpetiment 44. Use some of the starcli paste In studjing the 
effect of brumlDC upon It. Use dilute aolutlans. The bromine most 
be in the frue coadidaD. 

It has been etntcd that atoreh is converted into dextrin, mal- 
tose.', atiil <k'xti'um- liy ililiitu acids ; ami that diiujtoHe cuuvci'th 
it ii>t^> multosi.- ami ik^xtria. 

Experiment 45> Add 30™ concentrated hydrochloric acid to 300" 
ortlic starcli paste already made, aod heat for two hoars on tlie water- 
bath, comieritlng tht QoHk with an Inverted coodenacr (see Fig. 8}. 
Then examine with Fehliag's solution. Test, also, some of the origliial 
starcli paste with Fehling's aolntion. 

Dextrin, CiH,oOs. — Dextrin, aa has been stated, is formed 
by treating starch with dilute acids or diastase. It ia converted 
by fnrtLer treatment with acids into dextrose. The substance 
ordinarily called dextrin lias been ebown to be a mixture of 
several isomeric substances wbicli resemble each other very 
closely. Tlic mixUii'e ia an uncrystallizable solid. It is 
strongly dextro-i-otatory ; gives a red color with iodine, and 
does not reduce FeiUing's solution. It is used extensively as 
a substitute for gum. 

Gams. — Under this head are included a number of sub- 
stances which occur in nature. One of the best known is gum 
arable, which is obtained in Senegambia from the bark of trees 
belonging to the Acacia variety. Its formula, lilte that of cane 
sugar, is CuHjjOu- Other gums ai-e wood gum, obtained from 
the birch, ash, beech, etc. ; bassorin, the chief constituent of 
gum tragacanth, etc. 

Our knowledge of the chemistry of these gums is very limited. 





CHAPTER XII. 

MIXED COMPOUNDS CONTAININa NITBOQHN. 

Is speaking of llie preparation of hihasic acids from mono- 
basic acidfi, reference was made to cyan-acetic and the two 
cyan -propionic acids. Ttiese are nothing but simple cyani^ei) 
substittitioii-products analc^ous to cblor-acetic and the two 
cblor- propionic acids. They are made by treating tbe cbtoruie 
pixxlucts with potaseium cyanide. They have been useful 
chiefly in the preparation of bibasic aoida, as described in con- 
nection with uialonic au<1 tbe two succinic acids. It will there- 
fore not be necessary to consider tliem individually here. 

Note for Stcdest. — How may malonlc he made from acetic acid j 
and the two succinic acida from propionic acl<t ? Give the eqnatlons. 

The chief substances to be coneidered nuder the head of 
mixed compounds eoiilaining nitrogen are tbe amido-aeida and 
the acid amides. As will be seen, both these classes of sub- 
stances are of special interest, as they represent forms of com- 
bination which arc favorite ones iu nature, especially in the 
animal kingdom, somo of the most important substances found 
iu the animal body, such as urea, uric acid, glycocoll, etc., 
belonging to one or both the classes. 

I A Ul DO- ACIDS. 

The relation of an araido-acid to tbe simple acid is, as the 
name implies, the same as that of an amido derivative of a 
hydrocarbon to the hydrocarbon. That is to say, it may be 
regarded as the acid in which a hydrogen is replaced by the 
aniido group, NHy. Thus, amido-acetic acid is represented 



^^^Bfey the fomiula 
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r methyl- 

amine is represented thus, CHj . NHj. The reasons for regard- 
iDg methyl -amiDe as n substituted ammonia, as represented, 
have been stated. TLe formula is based upon the reactions 
of the substance ; that ia, upon its ciiemical conduct and the 
methods used in its preparation. The same arguments might 
be advanced in favor of the view that the amido-acids ore 
sul)atituted ammonias, and, at the same time, acida. The 
simplest method for their preparation consists in treating 
halogen derivatives of the acida with ammonia; thus amido- 
acetic acid may be made by treating brom-acetie acid with 



, + 2 NH3 = CHj < 



NH, 



^COjH 

- Compare this reaction with that made u 



Note for Stitiknt. 
iT for maklDg methyl-an 

Amido-formic acid, carbamic acid, 1 . — This acid 
CO,H 
, known in the free condition. Its ammonium aalt, 

, is formed when carbon dioxide and ammonia are 
[, 
rougbt together : 



COj 



2NH, 



I 
= CO^NH,. 



The 



other carbamates may be prepared from the 
They are decomposed, yielding carbonates and ammonia, 
when potassium carbamate is warmed in water solution, 
iomposition takes place, as represented in tlie equation, — 

NH,.CO,K + 11,0 = Nil, -f HKCO3. 

The etUereai salts of carbamic acid are readily made by 
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treating t!ie ethereal Baits of clilor-forc 
with timmouia : — 
L Cl KH, 



! acid (see p. 157) 



^' COjCoH, + 2 NHa = COAIIs + NH^Cl. 

Am ido -formic acid cannot be taken as a fair representative 
of the amido-acids, any more than carbonic acid can be taken 

as a fair repreaentative of the hydroxy -acids. 

amido-acetic acid, i ' \ '' CO^H/' 

bile are contained two complicated acids, wliich are known as 
glycocholie and taurocholic acids. When glycoehoiic acid is 
boiled with hydrochloiic acid, it breaks up, yielding cholic acid 
and glycocoU. In the nrinc of horses is found an acid known 
as hippuric acid. When this is boiled with hydrochloric acid, 
it breaks up into benzoic acid and glycocoU. 

When uric acid is treated with hydriodic acid, glycocoU is 
one of the products. Further, glycocoU is foimed when glue' 
is boiled with baryta water or dilute sulphuric acid. Its forma- 
tion from brom-acetac acid and ammonia, mentioned above, gives 
the clearest indication in regard to its relation to acetic acid. 

Amido-acetic acid has both acid and basic propt^rties. It 
unites with acids, fui'ming weak salts ; and it acts ti[)on bases, 
giving salts with metals, — the amido-acetates. It also unites 
' with salts, forming doultlc comiMJunds. 
■ examples of the compounds with acids are the 



Hydrochloride 






and the Nitrate CH, < ' 

of tlie salts with metals, 



Zine (imido-acetate . 
Copper amido-acelate 



Zn (C,H,NO,)s + H/>, 
Cu(C3H,N0,),-t- H^; 



AMroo-PEOPIONIO ACIDS. 



4 the compouuda with salts, the double salt of 



Cop}Mir nitrate 
md Copper amido-ticetate, 



Cii (NO3) a . Cii (C,H.NOb) 2- 



2H,0. 



^Hofth 

i^^B^ Treated with nitrous acid, gljcoeoll is converted into hjdroxy- 
acetic acid. 

Note fob Stcdbjjt. — Write tlic equation representing the reaction 
which tokea place when glycocoll ia treated with Mtroua acid. 

• Saroosine, methyl-glycocoU, 0,,H,NOy= '^^'<coU^')- 
If brom-acetic acid be treated with methyl-amine instead of 
with ammonia, a reaction takes place similar to that which takes 
place with ammonia, the product being methyl glycocoll or sai-co- 



,Br 



-.Br 



^NHj 



, NH .CHg 



'' + NH,(Cll3)Br. 

PSu1^0slne. 
Sarcosine is a product of the decomposition of creatine, which 
IS found in meat, and of caffeine, which is a constituent of coffee 
and tea. It in obtained from creatine and caffeine by boiling 
them with baryta water, 
L Its properties are much like those of glycocoll. 

" Amido-propiouic acida, CaH,NO,. — Tlicse acids bear to 
propionic acid relations similar to tliat which amido-acetic acid 
iwars to acetic acid. There are two, corre8[xtnding to a- and 
i8-chlor-propionie acids, from which they are mode. They are 
rn)t found in nature. Their properties are much like those of 
glycocoll. 

NoTK VOK Studbst. — Whitt aubataueca would bo formed by treat- 
o auildo-propionlc ai^ida with nitrous acids? 

Among the amido derivatives of the higher members of the 
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fatty acid series, tliat of caproic acid should be specially men- 
tioned. 

Leucine, a-ami do -caproic acid, 

C,H..NO, [=CH,.CH,.CH,.CH,.CHCNH,).CO,H]. 

Leucine is found very widely distributed in the animal kingdom, 
as iu the spleen, pancreas, and brain. It hits also bpeu fouDd 
in the vegetable kingdom in a few plants. It is produced by 
the decomposition of substances containing albumin or gelatin. 
It has been made by treating a-brom-caproic acid with a 

Amido-sulpuonic Acids. 
Just as there are amido derivatiTeB of the carbonic acidS) 
so, too, there may be amido derivatives of the sulpbonie acids. 
Only one of these need be considered. 

Amido-iaethionic acid, I C3,NSO,^= C<H. < j^^ j. 
Taurine ia found in cximbination with cholic acid in taurocbolic 
acid, in ox bile and the bile of many animals, as well as in 
other animal liquids. It has been made synthetically from 
isethionic acid, "^I'^t^o^ni Ijy treating the acid successively 
with phosphorus pentachloride and ammonia: — 

iKthlonlD icld. Chlor-ciLyUulptao-cJiliulde. 

Chlor-flhyl.aulphooic acid. 

^^* SO,OH 

TuirlDB. 

Taurine crystallizes in lai^e tetragonal prisms. It is a very 
table substance, and can be boiled with concentrated acids with- 
Kit decomposition. With nitrous acids it yields isethionic acid. 
I Jt uuites mth bases forming salts. 
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only amido-bibasic acid which need be considered i 
,ido-8uccinio acid. 






A^p.rtio aoid, }0,H,N0/.C.B.(NH.)<°°==). 

Amido-sucGinic acid, ' \ CO,S.j 

ipartic acid occurs in pumpkin seeds, and is frequently 
tt with na a product of boiling various natural compounds 
dilute acids. Thus, for example, it is formed when caaein 
and albumin are treated in this way. It is formed also when 
aaparagine (which aee) is boiled with acids or alkalies. 

Aspartic acid crystallizes. It turns the plane of polarization, 
tmder some circumstances to the right, under others to the left. 
Treated with nitrous acids it yields malic acid. 



Aero Amides. 






"WTjen the ammonium salt of acetic acid is heated, it gives off 
*ater, and a body distils over which is known as acelamide. 
The reaction which takes place is represented by the following 
equation : — 

CHa.COONH, = CHj.CONHj + H^O. 

substance obtained has neither acid nor basic properties. 
An examination of the ammonium salts of other acids shows 
that the reaction is a general one, and wc thus may get a class 
of neutral bodies, known as the acid amides. 

As no one of the acid amides of the fatty acid series is of 
special importauce, a few words of a general character in regard 
to tlic class will suffice. 

Besides the reaction above referred to for making the acid 
amides, there are two others of general application. One con- 
sists in treating an ethereal salt of an acid with ammonia ; 
thus, when ethyl acetate is treated with ammonia, this reaction 
takes place : — 

Cn,.COAIIj + NII„ = CIIa.CONn, + CjHeO. 
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The other reaction oonsista iu treating the acid chlorides with 
ttnunonia. Thus, to get acetamide, we may treat acetyl chloride 
(see p. 01) with ammonia : — 

CH3.COCI -f- 2 Nil, = CHj.CONH, + NH,C1, 
This last reaction is perhaps used most frequently. It shows 
the relation which exists between acetic acid and acetamide. 
For acetyl chloride is made from acetic acid by treatment with 
phosphorus trichloride, and is, therefore, as has been pointed 
out, to be regarded as acetic acid in which the hydroxyl is 
replaced by chlorine. Now, by treatment with ammonia the 
same reaction takes place as that wliich we have bad to deal 
with in tiie preparation of amido-acids, the chlorine ia replaced 
by the amido group. Therefore, acetamide is acetic acid in 
which the hydroxyl is replaced by the amido group, as shown 
in the formulas : — 

O O 

I I 

CHj.C-OH CH,-C-NH,. 

Acclic icld. AccUmidn. 

As the acid hydrogen of the acid is replaced, the amide is not 
an acid. On the othrr hand, the basic properties of the am- 
monia are destroyed by tlie presence of the acid residue as a 
part of its com^xisition. This latter fact may be stated ia 
another way ; viz., when an ammonia residue is in combination 
with carbon, which in turn is iu combination with oxygen, its 
basic pi-opcrtiea are destroyed. 

The amides ai-e converted into ammonia and a salt when 
boiled with strong bases : — 

CHj.CONH. + KOH = CIIaCOsK + NH3. 
They are converted into cyanides by treatment with phos- 
8 pcutoxide PjOj ; — 

CH3.CONH, = CH3.CN + HjO. 
B the substance obtainod iu this way is identical with meth}l 
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cyanide, which is formed hy treating methyl-sulphuric acid with 
potassium cyanide, the reaction furnisiies additional evidence 
in favor of the conclusion already reached; viz., that in the 
cyanides the carbon and not the nitrogen of the cyanogen 
group is in combination with the hydrocarbon residue, as repre- 
sented in the formula CHj— C — N. 

As acetamide is made by treating ammonia with the chloride 
of acetic acid, so, by treating ammonia with tlie chloride of any 
acid, the corresponding amide may be made. So, also, by treat- 
ing ammonia with acid chlorides, or by treating acid amides with 
strong acids, more complicated compounds may be obtained. 

Of these di-acetamide, : 



ie, NUi ''Z., and tn-atxtamide, SJ C,Efi, 



may serve as examples. The relations of these substances to 
ammonia and to acetic acid are shown by the formulaa, ordinary 
or mon-acetamide being NHi.CiHjO or CH3.CO.NHa. 




' KKperlment 48. Arrange an appnratus as shown in Vi--. 12. In 
tssk A put 15W iixiiUc nciil (dehydratetl at 100°) aiiti lOOe nb.soUite 
alcdliol ; and, In flask B. ]0<W absolute nlcohol. Heat the batU D to 
IOC ; sod then heat the alcohol in flask B to boiling, and continue to 



^H pBSI 

^^ mix 

F mis 
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pBSB the vapor from flask B into the mixture in flask A, meonwU 
allowing the temperature of the oil-batU to rise to 135''-130°. 
mixture of alcohol anil ethyl oxalate will distil over. To some of 
mixture ill a flask add concentrated aqueous ammonia, and sbahej 
Insoluble oxamide is formed and is thrown down as a white powdel 
What reactions have taken place? Write the equations. Filter o 
the oxamide, and wash it with water. See whether it conducts Itself 
Uke an acid. Uas it an acid reaction? Boll with caustic potash (not 
too much), and notice whether ammonia is given olT. Why does it 
dissolve? How can the oxalic acid be extracted from the aoluUonf 

When the amide of a poly -basic acid is boiled with atnmoniat 
and under some other circumBtanceB, partial dccompositioi 
takes place, and a substance is formed which is both 4mide and 
I acid. Thus, in the case of oxamide, the product is oxamio 

CO,H 
oct'd, I . This acid forma we 11- characterized aalta ant 

CONH, 
other derivatives, such aa are obtained from acids in general 
There is one acid of this kind which is a well-known naturaj 
substance. It has already been referred to in connection witj( 
aspartic acid, which is closely related to it. It is 



Asparag:iii< 

CtH^N^O, -I- H,0( = C,E,(NH,) < J: 



- Asparagine ist 



, amido-Buccinamic acid, 
^ CONH, 

found in a great many plants, as in asparagus, liquorice, beets, 
peas, beans, vetches, etc. It may be made by treating mon- 
ethyl amido-succinate with ammonia, 

NoTB FOR Stitbbnt. — What reaction takes place? Write the equb- 
ion. 
Asparagine forms large rhombic crj-stals, difficultly soluble 
' in cold water, more easily in hot water. When l>oiled with 
* acids or alkalies, it is converted into aspartio acid and 

Note for Studbst. — Notice that only the amido group of the 
amide is driven out of the compound by this treatment. The Ol' 
amido group which la contained in the hydrocarbon portion of 
compound is not disturbed. 

Nitrons acid converts asparagine into malic acid. 
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Cyan-amides, ONjH;.^In speaking of cyanic acid, the 
existence of two clilorides of cyanogen was mentioned : one 
a liquid, having the formulH CNCl; the other a solid, of the 
formula CsNjCIs. When the former is treated with ammonia, 
it is converted into an amide, CN . NHj, which bears to cyanic 
acid, NC.OU, the relation of an amide. Like the other 
simple eompounds of cyanogen, cyau-amide readily iindergocB 
change. When simply kept unmolested, it is converted into 
di-cyan-diamide, CiN,H, ; while, when heated to 150°, a violent 
reaction takes place, and tri-ct/an-lriamide, CaNoH,,, is formed. 
Whether or not the formulas given really express the true 
molecular weights of the products is not known. It can only 
be said that the changes involve no change in per centage 
composition, and thei-efore are cases of polymerisation. The 
formatioD of the comjxiunds is parliculai'ly interesting, as illus- 
trating the tendency on the part of the simpler cyanides to 
undei^o change under very slight provocation. 

Uuanidine, CN,iHs This substance, which is closely 

related to cyan-amide, is formed hy the oxidation of guanine 
(which see), and this in turn is obtained from guano. It may 
also lie made by treating cyanogen iodide with ammonia : — 

CNI + 2NH3 = CN3HS.HI, 
the product being the hydriodic-acid salt of guanidine. As 
will be seen, guanidine is cyan-amide plus ammonia ; — 
CN . NH, -I- NHj = CNaHj. 

a strongly alkaline base. Boiled with dilute sulphuric 
r bai-yta water, it yields urea and annnonia r — 

CN3H, + HjO = CON2II, -}- Nlla- 



#" 



Creatine, CBiNjO... — This substance is found in the 
muscles of all aniinah. It is closely related to guanidine and 
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also to BarcoBine (sea p. 193). It hua becu made Bynthetdcally 
bj bringing cyau-amide aud sarcosine together. Tlie reaction 
wbich takes place is analogous to that mode uae of for th« 
preparation of guanidine. The analc^ is shown by the two 
equations, — 

■ 

U 



land CN.NHj + I 



UHj.co.h 



or (t'N.irj.NH;}. 
- CN;H,,.N 






r QU^NjOi. 



TTrea, or carbamide and derivatiTes, — Closely related 
to the nitrogen compounds just considered is urea, or tbq. 
amide of carbonic acid. Its imixirtance and certain peculiari- 
tieB distinguiBh it from the other acid amides, and it is there^ 
fore considered by itself. 

Urea is found in the urine and blood of all inanunals, and 
particularly in the urine of camivoroua animals. 
nrine contaius from 2 to 3 per cent; the quantity given oflf bj 
an adult man in 24 ho\irs being about 30". Urea may be made 
by the following methods : — 

(1) By treating carbonyl chloride with 

COCl, + 2 NHj - CONjH. + 2 HCl. 

WiBt Is the analogous reaction for the preparation of acetamlde? 

(2) By heating ammonium carbamate ; — 

" ONH, 
What Is the analogous reoctloa for propnrlng oxamidcf 

(3) By treating ethyl carbonate with ammonia : — 
^ OC,IIi 



C0< 



z CON^H, + H,0. 



C0< 



OC^i 



- 2 NIIj = CON^H, + 2 C:,n,0. 




•, (4) By tho fldditiou of water to cyan-amide : - 
CN . NIIj + ILO -= CON Jl^. 



' (fi) By evajKiration of ammonium cyaiiate in aqueous solu- 
f tion : — 

CN(ONH,) = CONjH.. 

Tliis reaction is of special interest, for tlie reason tliat it 
afforded tlie first example of the formation, liy artificial methods 
from iuorganic eubHtauces, of an oi^anic compound found in 
the animal body (see p- 1). . 

Urea ia most readily obtained from urine. 

Kxp«rimciit 47. Eyaporatc four or live litres //-es/i urine to n tliin, 
syrupy consistence. Aft«v cooling add ordinary concentrated nitric 
acid, wlien crystals of urea nitrate are obtained. Filter, wash, and 
recrjstalllze IVom moderately concentrated nitric acid. When the 
crystals of urea nitrate are white, dissolve again in water, and add 
fluci J -powdered barium carbonate. The nitric acid rorms bailum 
nitrate, and the urea ia left In free condition. Evaporate to dryness, 
and from tlie rt'slduu extract the urea with strong alcohol. 

Kxperlment 4S. Make potassium cyanate as directed in Experi- 
ments 24, p. 82, and 2fi, p. 83. To the cold solution of the cyanate add 
a, solution of ammonium sulphate containing as much of the salt as 
there was used of potassium ferrocyanidc In the preparation of the 
cyanate. Evaporate to a small volume, and allow to cool. Potassium 
sulphate will crystallize out. Filter this oCf, and evaporate to dryness. 
Eilract with alcohol. The urea will crystallize from the alcoholic 
solution when It is brought to the proper concentnLtloii. Give all the 
roftctions Involved in passing from potassium ferrocyanlde to urea. 
Compare the urea made artificially with that made f lom urine. 

Urea crystallizes frum alcohol in lai^c quadratic prisms, 
which melt at 132°. 



Urea JaeaBilyBoluble in water and alcohol. Heated with water 
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in a. sealed tube to 100°, it Ijrealts up into carbon dioxiflo 
and ammonia : — 

CON JI, + H^ = CO, -f- 2 NH,. 
The same decoai|H>sition of the area takes place spontaneouely 
when urine is allowed to stand. Hence the odor of ammonia 
is always noticed in the neighborhood of urinals which are not 
kept thoroughly clean. 

Sodium hypochlorite or hypobromite decomposes nrea into 
carbon dioxide, nitri^en, and water : — 
CONjII, + 3 NaOCl = NajCO, -(- NaCl + N, + H,0 + 2 HCI. 

Experiment 50. To n solution of 3C« sodium hydrojfido in 100" 
water add about 5™ broiuine, and shake well. Make a sulution of urea 
In water, and add to the aoUiUon of the liypobromitc. An evolation 
^K of gas will he noticed, showing that the urea is decomposed. 

^^^B* INitrons acid acts in the same way : — 

^H C01S,H, + 2 UNO, = COa + N^ + 3 H,0. 



Wben heated, urea loses ammonia, aud yields first bitiret, 
finally cyanuric acid (see p. 84) : — 

2C0(NH,)a= C,II,N,0a + NH,; 

lilurFL 

3 COtNH,),= C^ANa + 3 NH,. 



ITrea unites with acids, bafiee, aud salts. The hydrogen of 
the amido groups may be replaced by acid or alcohol radicals, 
giving compounds of which acetyl urea, CO< ' ' * , 
ethyl wea, CO < ' ', are examples. 

Among tlie compoimds with acids, the following may be 
mentioned : urea hydrochloride, CH,N,0 . HCI ; urea nitrate^ 
CH^NjO.HNOa; and >irea phosphate, CH^N^.H^PO,. With 
metnla it forma such compounds as that with mercuric oxides 
HgO.CUjNjO; with silver, CHaNjO. Ags, etc. With salts it fornw 
aacb compouacla as HgCli.C,H»NaO, HgO.CH^N^.HNO^ etc. 



^^^^ Bubstitutec 



PARABANIC ACTD. 



Bubstituted ureas, — that is, those derivatives of urea which 
contain hydrocarbon reaidtieB in place of one or all the hydrc^en 
lay bo made from the cyauatea of substituted ammo- 
nias. The fundamental reaction ia the spontaneous transforma- 
tion of ammonium cyauate info urea : — 

CN.0Nn4 = C0(NH,)j. 

In the same way, cyanates of substituted ammoniaa are traoa- 
fonned into substituted ureas : — 






CN.ONHj.CjHj = C0<^ 



The urea derivatives which contain acid radicals are mat 
treating urea with the acid chlorides : — 

kCO<™' -I- C,H,0C1 = CO <™*^^^^'^+ HCl. 
Af^etyl urea. 



There are several derivatives of urea and radicals of hibasic 
acids, as oxalic and malouic acids, which ai'e of special interest, 
as ttiey are closely related to uric acid ; and their formation from 
this acid baa thrown much needed light upon the inner nature of 
the acid. 

Parabanio acid, ) „ „ „ „ ^ CO.NH \ . 

' ' " " '^ " ' ' > CO ). — Pavabantc 



* V C 



Oxalylurea, i ' ■ ■ \ co.NH 
acid iff formed by boiling uric acid with sti'ong nitiic acid and 
other oxidizing agents, and by treatiug a mixture of urea and 
F oxalic acid with phosphoi-us trichloride : — 

C,H^( + CO(NHs),= CJIjN,Og + 2 Hi,0. 
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It acts like an acid. Its salts readily pass over into s&lta of 
osaltu'ic acid (which see). Treatoii with alkalies it breaks up 
into urea and oxalic acid. As wUl be seen, parabanic acid, is 

CO.NH, 
analogous to oxamide, | , the residue of urea acting the 

CO.NH, 
part of the two amido groups. 

/ CO.OH % 

Oxaluric acid, CsH,NiO.V= CO. HN .CO. HbJ, bears to 
parabanic acid the same ■'elation that oxaraic acid bears to 
osaniide. It occurs in the form of the ammonium salt in small 

quantity in human urine. 

Barbituric acid, malonyl urea, 

C.H,N,0, + 2H,0( = CH,< ^°JJ^ > CO V — Barbituric 

acid, like parabanic acid, is a product obtained from uric acid- 
It has been made ailiflcially by treating a mixture of malonic 
acid and urea with phospliorus oxicbloride : — 

^COOH 



Treated witti an alkali, barbitin'ic acid breaks up into malonic 
acid and urea. 

The relation of the acid to malonic acid and urea is the same 
as that of parabanic acid to oxalic acid and urea. 

Sulpho urea, CS(NH,).j. — This substance is formed by 
heating ammonium Bulpho-cyanat«, the reaction which takes 
place being analogous to that by which urea is formed from 

monium cyauale : — 

' CNSNH, = CS{NH,),. 

A number of derivatives of sulpho urea have been made. 
V resemble those obtained from urea. 
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Urio acid, C^^N,Oj. — Uric acid occurs in human urine, 
in certain uriaaiy calculi, in the urine of carairorous anim&lH, 
and of birds. The excrement of serpents consists almost 
entirely of ammonium urate. It has been made by heating 
together amido-acetic acid and urea. 

Uric acid is best prepared either from serpents' excrement or 
guano. 

It forms a crystalline powder, which is almost insoluble in 
water. It is a monobasic acid, though weak compounds with the 
alkali metals may l>e made which contain two atoms of metal 
in tbe molecule. 

Uric acid has been the subject of a lai^e number of inter- 
esting investigations, and many derivatives have been obtained 
from it. It would only tend to confusion to give an account of 
many of these derivatives here. Hence only a few of the trans- 
formations which have been efCected, aud which give an insight 
into the nature of the acid, will be mentioned. 

1 . By heating uric acid, ammonia, hydrocyanic acid and urea 
are formed. 

2. Ileatetlwith hydriodic acid, it yields carbon dioxide, ammo- 
nia, and glycine : — 

CJI^NjO, + 5 HaO = 3 CO, + 3 NH^ + CsHjNOj. 

3. Oxidizing i^ents convert uric acid either into allanloin, 
a complicated substance of the formula CjHbNiOj, or aUoxan, 
C'4n,N,0j, which is closely related to parabanic acid, or oxalyl 
urea (see p. 203), and barbituric acid, or malonyl urea (see 
p. 204). 

Xanthine, C5H.N.O., is found in some rare urinary calculi 
and in several animal liquids. It is formed by the action of 
nitrous acid on guanine, C{Il£N,0 : — 

C,n.N^O + HNOj = C^HiNA + H/) + N,. 

This reaction shows that guanine is an amido derivatiTe, and 
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that xanthine is the correspoudiug hydroxy! compound. (Why 
does this follow?) 

I ^"^rf""',,,^ !0,Ha».O,[.C.H.(0H,),N,O.], I, 
■ Dimethyl-x an thine. ' 

sabstauce found in chocolate prepared from the seed of the 

cacao tree. It liaa been made by treating the lead compound 

of xanthine with methyl iodide. 

1 Caffeine, theine, trimethyl-xanthine, 

I aHioN.Oi + H,0[=C,H (CH,),N,0, + H,0], is the Active 

constituent of coffee and tea. It has been made from tl: 
bromine by the introduction of a third methyl group. 

Thus, as will be seen, a close connection is established 
between the active constituents of coffee, t«a, and chocolate on 
the one hand, and xanthine and guanine on the other. 

Guanine, CiHjNiO[=CjH3(NH,)N,OJ, is found principally 

in guano, frora which it is prepared. Nitrous acid converts it 
into xanthine. Oxidizing agents convert it into guanidine, 

CNJIj (seep. 199). 

Retrospect. 

Before passing on to the next division of our subject, it will 
be well to pause and consider briefly what we have learned 
thus far. 

In the first place, all the compounds which we have considered 
may be regarded as derived from the marsh-gas faydrocartKma 
or parafilus. 

By replacing the hydr<^en atoms of these hydrocarbons with 
chlorine, bromine, or iodine, we get (1) the substUiUion-prodvcts 
of the kjidrocarhoHS. 

By introducing hydroxyl into a hydrocarbon in place of 
^drogon, we get tJie bodies called (2) aieohda, of which 
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there are three claaaes : (a) the primary, (b) the secondary, 
and (c) the tertiai-t/ tdcolmU. 

By oxidiziug pi-imary alcohols we get (3) aldehydes. 

By oxidizing secondary alcohols we get (4) ketones. 

By oxidizing alcohols, aldehydea, and ketones, we get (5) 

Acids and alcohols act upon each other, forming (fi) ethereal 
salts, and alcohols can be converted into (7) ^titers. 

Corresponding to the oxygen derivatives, we met with com- 
pounds containing sulphur, as (B) the sulphur aicohoh, or 
■mercaptans; (9) the ^Ipkur ethers; and (10) the sulphonic 

Next, we found compounds containing nitrogen. Under this 
head we considered cyanogen, and the allied compounds hydro- 
cyant'c, cyanic, and sulpho-cyanio acids. Allied to these we 
found (11) the cyanides, and (12) the isocyanides; (13) the 
cyanates, and (14) the isocyanates; (15) the sulpho-cyanates, 
and (16) the iso-sulpho-cyanates or mustard oils. 

Finally, we found (17) compounds containing metals in combi- 
nation with radicals. 

EepresentativeB of these various classes of compounds were 
considered, and the relations between them pointed out. 

We found pohj-add alcohols and poly-basic adds. 

Under the head of mixed compounds were found compouuda 
which belong at the same time to two or more of the funda- 
mental classes, as the hydroxy-acids, the carbo-hydrates, and 
the amldo-adds. A consideration of the amido-acida and 
the acid amides brought us naturally to the consideration of 
urea and its derivatives, and of uric acid and its derivatives. 

We turn now to a new class of compounds, known as unsatu- 
^tated compounds. 



CHAPTER XIIL 

UNSATURATED CARBON COMPOUNDS. - DIS- 
TINCTION BETWEEN SATURATED AND 
UNSATURATED COMPOUNDS. 

Aix the compouDdB thus far coBBidered are generally called 
aatuToted compounds. This is certainly an appropriate name 
as far as the hydrocarbons themselves and some of the classes 
of their derivatives are concerned. The expression " saturated 
is intended to signify that the compounds have no power to unita 
directly with other compounds or eleraeuta. Thus marsh gas 
cannot be made to unite directly with anything, liromine, for 
example, must first displace hydrogen before it can enter into 
combination with the compound 

CHj + Brj = CITaBr + HBr. 

The compound is saturated. 

On tlie other hand, a componnd which can take np etementB 
or other compounds directly is called unsaturated. Thus, phos- 
phorus trichloride is unsaturated, for it has the power to take 
np two chloriue atoms thus : — 

PCI, + CI, = PCI,. 

Ammonia is unsaturated, for it can take up other elements : — 
NH„ + HCl = NH.Cl. 
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The condition of unsntumtion is met with among carbon 
com|>ounds in several forms : — 

Fimt. The aldeliydes act like unsaturated compoimda, as 
shown in their power to talte up ammonia, hydrocyanic acid, 
and other substances. 

Second. The ketones also act like unsaturated compounds, 
though their power iu ttiis way is less marked than that of the 
aldehydes. 

Third. The substituted ammonias are unsaturated, in the 
same sense in which ammonia itself is unsaturated. 

Fourth. The cyanides take up hydrogen directly, and are 
therefore unsaturated also. 

In the substituted ammonias, and probably in ihe cyanides, 
the unaaturation is due to the same cause as that in ammonia. 
In them the nitrogen is trivalent. In contact with certain 
substances it becomes quinquivalent, and saturates itself. 

In the aldehydes and ketones, carbon is iu combination with 
oxygen in the carbonyl condition. When they unite with 
hydrt^n and some compounds, such as hydrocyanic acid, the 
relation between the carbon and oxygen is probably changed, 
the latter being in the hydroxyl condition. The changes are 
usuallj' represented by formulas such as the following : — 



I 



CH,.C 



.0 



- Hs 



C = O + HCN = 
I 
CH. 



= CH,.C 



CH, 



-OH 



In the carbonyl gronp the oxygen is represented as held hy 
two bonds by the carbon iitom, while in the hydroxyl condition 
It is represented as held by one bond. The signs may be used 
if care is taken to avoid a too htcral interpretation of them. 
There are undoubtedly two relations which carbon and oxygen 
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bear to taA other ia eattion ■'"— i"™*" These reUdoos ma; 
be esDed Ae Ijdroiegl niatiom. nfKcaented by Ibe s^ C— O— , 
amd Ae auioKyl rtiatkm, npnatatti bv the nga C = O. 

fija. Tbesc u • fftb kud of a^atmtioa, dtpautmt upon 
dijinvrnxs ia the rttatioiu het Mr t m taiioik aiomt, umI it is this 
kiad whiefa i» onttnsi^ Meant iriiea wuatNntfed earbom com- 
pounds are spoken at. 

The kind of reUtion between tbe carbon atoms in all the 
aatarated faydrocarbona ia, so ftr as w« knoir, tbe same as that 
winch exista between the two carbon atoms of ethane, aod 
Q H 

which IB represented bjr the formnla H— C— C— n. This 
I t 
H H 
formula signifies simply that the two eaibon atoms are held 
togeUier by the forces whidi in marsh gns enabled each carbon 
atom to hold one hjdfogCD atom. Abatracling ont hydrogen 
atom, from marsh gas, union is effected between the carboQ 
atoms. What would result if hm hydrogen atoms were to b« 
abstracted, and union between the carbons then effected ? 
TheoretJeally we should get a compound made up of two groaps 
CHf, thus CHi.CHj, and presumably the relation between the 
carbon atoms in this compound wontd be different from tbe 
relation between the carbon atoms in ethane. Without push- 
ing these specnlatioDs farther, it may be said that there is a 
well-known hydrocarbon which differs markedly from ethane, 
having tlio formula CjHi, and showing the property of unsatu- 
ratiun very clearly. This is oleflant gas or ethj/letie. It is the 
first of a homologous series of hydrocarbons,. only a very few of 
which, however, are well known. These hydrocarbons yield 
derivatives like tbe paraffins ; though of these, as well as of the 
hydrocurltous, very few are known as compared with the number 
of tliu paraffin derivatives. Only a few of them are of mach 
importance. 
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ETHYLENE AND ITS DERIVATIVES, 

Htdrocarboss, CnHa,. 

The priocipal hydvocarbouB of this aeries are included io the 
Biibjoiued table : — 

Ethylene C^H,. 

Propylene CgH,. 

Butylene C.<H». 

Amylenc CjIIi„. 

Hexylene Call,,. 

Heptylene CVn„. 

The members are homologous with ethylene. They bear to 
the paraffins a very simple relation, each one containing two 
atoms of hydrogen lees than the parafflii with the same number 
of carbon atoms. 

Ethylene, oleflant gas, CjH.(= CHj.CH,). — This gas is 
formed when many organic substances are subjected to dry 
distillation. The two principal reactions which yield it are : — 

(1) The action of an alcoholic solution of potassium hydrox- 
ide on ethyl chloride, bromide, or iodide : — 

CjH^r + KOH = C^ + KBr + H^. 

This is the most important reaction for the preparation of the 
nnsatnratecl compounds of the ethylene series. It is applicable 
not only to the hydrocarbons but to bodies belonging to 
other classes. Ky means of it we have it in our power to pass 
from any saturated compound to the coiTcsponding imsaturatcd 
compound of the ethylene series. Thus we pass from ethane, 
CjEI,, to ethylene, CaH„ by first introducing bromine, and then 
abstracting hydrobromic acid from the mono-bromine substitn- 
tion-product. Similarly, by treatment with alcoholic potash of 



I 
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tile mono-bromine subatittition-prodncts of other corapouDi 
the correspouding unsaturated compounils may be made. 

(2) The action of Bulpburic acid and other dch^-dratioD 1 
agents upon alcohol : — 

CjHj.OH = CjH, + HjO. 

Experiment Gl. Id a. fla.sk of S' to S' capacitj pnt a mixture 
S6E alcotiol and IEOk ordinary concentrated sulphuric a«id. Heat 
160' to 170°, and add gradaall; through a funnel tube about SOiy^ of a 
mixture of 1 part of alcohol and Sparta of concentrated sulphuric acid. 
Pass the gas through three wash bottles coutaiuiug. In order, sulphuric 
acid, caustic soda, and sulphuric acid. Tlien pass it Into bromine 
contained In a cylinder, provided with a cork with two holes. If the 
cylinder has a diameter of about Q™, let ttie layer of bromine be aboot 
gem to 7™ tlilck. Upon it pour a somewhat thicker layer of watei; 
Place the cylinder in a vessel containing cold water. Pass the gas 
I Into the bromine until it la complehily decolorized. 

Ethylene is a colorless gas which may be oondeueed to k 
liquid. It bums with a lumiaoiis flame. With oxygen it forms 
an explosive mixture. Its most c/uiracleriatio property is ■■ 
power to unite directly wUh otlier substaiuxa, particularly « 
the halogens and their hydrogen acids. Thus it unitea witb 
chlorine and bromine, aud witb hydriodic and hydrobromiof 
aoids; — 

C,Hi + Cli = CjHjCla ; 
I CjH, + Br, = Ci|H,Br3 1 

CjH^ + IIBr = CjHjBr ; 

CjH, + HI = C;HJ. 

The productB formed with chlorine aud bromine are called 
ethylene chloride and ethylene bromide. Tliey have beuk 
mentioned under the head of halogen derivatives of the paraf-^ 
flns. They are iBomeric witli ethylideiie chloride and ethylid^av. 
broinide, which arc formed by snbHtitutioii of two hydrogens 
of ethane with chlorine or bromine. 
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N<jTE- — Thu additlou of bromine to ethylenu la lltustrated by the 
experiment last purforraeii, in wliicli etUylene bromide Is formed. To 
piirlf]' the product, put a little dilute caustic soda in tlie cy lluder, and 
shake. Iteniovc the upper layer or water, and repeat the washing wlUi 
dilute caustic soda. Then wash with water two or three times, each 
time removing the water with the aid of the pipette described on p. 31. 
Filially, put tile oU in a flask, add a few plecea of granulated calcium 
chloride, and allow to stand. Pour ofl' into a dry distUliug-bulb, and 
distil, noting the temperature. 

A question which we may fairly ask concerning tlie structure 
of ethylene is this : Docs it consist of two groups CHa, or of 
a methyl group, CIIj, and CH ? Is it to be represented by the 
formula CHj.CHj or CH5.CH? Perhaps the clearest answer 
to this question is found in the fact that the chloride formed by 
addition of clUorine to ethylene, and that formed by replacing 
the oxygen in aldehyde by ehlorine, are not identical. All 
evidence is in favor of the view that aldehyde is correctly 
represented by the formula CHj.Cjj. Hence, as has been 
pointed out, the chloride obtained from it must be represented 
thus, CHg .CHCl,. Hence, further, it appears highly probable 
that the isomeric chloride obtained from etiiylene must be 
represented thus, CHjCI .CHjCI, Now, as this substance is 
formed by direct addition of chlorine to ethylene, ethylene has 

CHj CH, 

the formula 1 , and not | . 

CH, CH 

As regards the relations between the two carbon atoms of 
ethylene we know nothing, save that it is probably different 
from that which exists between the carbon atoms of ethane. 

CH, 
It ia usually represented by the sign = ; thus, n . We must 

CH, 
necessarily leave the question open as to the relation between 
tlie curtfon atoms in ethylene. If the above sign is used, it 
should serve mainly as an indication of the kind of unsaturation 
met with in ethylene, the trompound in whose formula it is 
written having the power to tike up two atoms of bromine, a 
molfivuie of bydrobromic acid, etc. 
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^^H The homologuee of ethylene bear the same relation to it tluv 
^^B the homologiies of ethane bear to this hydrocarbon. Propyleoi 
^^1 CH.CH, 

^^H fB methyl -ethylene, I ijaat as propane ia methyl-etbane. 

^H CH,.CH, ^^ CH.CH, C(CH,) 

^V I Butylene is dime thy 1-ethylcne, I , or | , 

CH, CH.C.Hj CH.CH, CH, 

or ethyl-ethylene, ' . That is to say, in other words 

in the hydrocarbons of the ethylene series the ethylene coodi- 
tion between carbon atoms occurs only onee. 
The higher members of the series need not be considered. 



I 



Alcohols, CnHjnO. 
These alcohols bear to the ethylene hydrocarbons the aainfl 
relation that the alcohols of the methyl alcohol aeries bear tti 
the paraffins. Only one is well known. This is the second 
member coiTeaponding to propylene. 

I Allyl alcohol, C,HtO(- OH,.CH.OH,OH). — Tliis alcohol 
is formed in several ways from glycerin. 

1. By introducing two chlorine atoms into glycerin in ths 
place of two bydroxyls, thus getting dichlorliydrin, CgHjCU . OH t 

CH^H CHjCI 



I and treating the dichlorhydi'in with sodium, which extracts thi 
f,- chlorine : — 

CIIjCl CIIj 



CH,OH 
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2. By treating glycerin with the iodide of phosphorus. This 
gives allyl iodide, CaHjI. By treating the iodide with silver 
hydroxide it is converted into the altohol. 

3. Most readily by treating glycerin with oxalic aoid, as in 
the preparation of formic iicid. The mixture is heated to 220° 
to 230°, when allyl alcohol passes over. 

It is manufactured in this way on the iai^e scale for the pur- 
pose of making artificial oil of mustard. The reactions involved 
are quite comphcated. 

Allyl alcohol is a liquid boiling between 99° and 100°. It 
has a penetrating odor. 

Nascent hydrogen, from zinc and hydrochloric acid, converts 
it partially into propyl alcohol r — 

CjH,.OH + Ha = CJI^.OH. 

The relation between allyl alcohol aud propyl alcohol is the 
same as that l)ctweeii ethyleoe and ethane. 

Allyl alcohol, like ethylene, unites directly with bromine, 
hydrobromic acid, etc., the products being substitution- products 
of propyl alcohol : — 

QHj.OH + HBr = CjHaBr.OH, 

CjHj.OH + 2 Br = CjH.Brj.OH. 

Dlbtom-propjl nlcohol. 

Allyl compounds. — Among the derivatives of allyl alco- 
hol which are of special interest is aByl sulphide, (CaH,)jS, 
which is the chief constituent of the oil of garlic. It may be 
made artificially by treating allyl iodide with potassium sul- 
phide : — 

2 C,HsI + KjS = (CaH,)jS -H 2 KI. 

It is an oily liquid of a disagreeable odor. 

Allyl mustard oil, SOK.O^Hi. — Under the head of 
Sulpho-cyanates mention was made of a series of isomeric 
bodies called isomdpho-cyanatea or mustard oils. The sulpho- 






DNSAT0BATED OABBON COMPOUNDS. 



C^anatce of the nlcohol radicals are made from potassium 
enlpho-cyflnate. Thus, methyl sulpho-cyanate is made by 
mixing together potoBsium methyl-sulphate and potassiiua 
BUlpho-cyaaate, and tlistiUing : — ~ 
CH3O 



NCSK^ 



KO 



[ so, = KjHO, + NCSCH,. 



The mnatard oils, 00 the other hand, are made by a compli- 
cated reaction from carbon bisulphide and substituted ammoaiaa. 
The conduct of the sulpho-cyanates led us to the conclasion 
that they must be represented by the formula NC— SR, while 
that of the isoaulpho-cyanates or mustard oils led to the for- 
mula SC— NR, as representing their atrocture. Allyl mustard 
oO is the chief representative of the class of bodies known 
as mustard oils. It occurs as a glucoside (see p. 178) in 
mustard seed. From the glucoside it is formed by fermenta- 
tion. It is formed by treating allyl iodide with potassluoi 
sulpho-cyanate. We would naturally expect this reaction to 
yield allyl sulpho-cyanate, but the compound actually obtained 
does not conduct itself like the sulpho-cyanates. 

Allyl mustard oil is a liquid, boiling at 150.7°, and having a 
penetrating odor. 

With zinc and hydrochloric acid it is converted into allyl- 
amine, NHj.CaH,, hydrogen sulphide and carbon dioxide. This 
reaction indicates that in allyl mustard oil the radical allyl is in. 
combination with the nitrogen and not with the sul|ihur. 

Note for Studbnt. — What change do the mustard oiU iu general 
under(;(i wlieti treated wltli uastent hydrogun? WliaC change do the 
snlpbo-cf anates nndergo under the same clrcumstauces? 

Acrolein, aorylic aldehyde, C,H,0(= Ci,H,.COH) Acro- 
lein may be made by carefnl oxidation of allyl alcohol. It i* 
formed by the dry diatillation of glycerin which breaks up into 
water and acrolein : — 
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It IB, hence, formed also by heating the ordinary fats, the 
peculiar penetrating odor noticed when fatty substancea are 
heated to a siifBciently high temperature being due to the forma- 
tion of acrolein. It is prepared beet by heatiug glycerin with 
acid potassium sulphate. 

Experiment 52. In a test-tube mix anhydrous glycerin (l part) 
and acid potassium sulphate (2 partaj, and heat the mixture. Pass 
the vapors through a bent tube into water contained in another test- 
tube. Notice the odor. Try the effect on a dilute solution of nitrate 
of silver. What is the meaning of this reaction? 

Acrolelin is a volatile liquid which boils at 52.4°. It has an 
extremely peneti-ating odor, and its vapor acta violently upon 
the eyes, causing the secretion of tears. 

Acrolein takes up oxygen from the air, and is converted into 
the corresponding acid, acrylic acid, CgH^O, (which see). 

It takes up hydrogen, and is thus converted into allyl alcohol. 

It takes up hydrochloric acid, and is converted into ^-chlor- 
propionic aldehyde : — 

CHj-COH + HCl = CHjCl.CH^.COH. 

jB-ehlor-proplonic nWehyde. 

The first two reactions are charactei-istic of aldehydes in 
general ; the last one is characteristic of unsaturated compounds 
Itelongiug to the ethylene group. Acrolein, like ordinary alde- 
hyde, forms polymeric modifications, which can easily be recon- 
verted into acrolein. 

It unites with ammonia forming acrolein-ammonia, and with 
other substances in much the same way as ordinary aldehyde 
does. 

Acids, C„Hi„,A- 

Running parallel lo the ethylene series of hydrocarbons, and 

hearing the same relation to it that the fatty acid series bears 

to the paraliina, is a series of acids of which the first member 

aciyUc acid, C)H,Oj. Several members of the series are 
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The principal members iirc uamcd in the subjoined 



table : ■ 

ACRYLIC ACID SERIES. 
Acins, C„H~„_i02- 

Acrylic acid Cjn40;. 

Crotonic " C^H^. 

Angelic " CjHA- 

Hydrosorbic" QHmOi. 

Teracrylic " CVII^Oj. 

Cimic " C^risO,. 

ITypogseic " CiallanOj. 

Oleic •' C^^Oj. 

Enicic " C^HuOf. 



^■%lre, 
^■wlii( 



Of moat of the higher mcmberB of the series eeveral isomeric 
modifications are known. Only a few of these acids will be 

oonaidered here. 



Acrylic acid, C,H,0,C= 0Hi.CH.CO,H). — This acid haa 
lady been mentioned in connection witli hydracrylic acid, 
which, when heated, breaks up into acrylic acid and water : — 

CHj.OH.CHj.COjH = CHa.CH.CO,H + HA 

Eydracif Uc add. Acrylic ncld. 

Note for STucexT. — This reaction is analogoas to that whtcb 
takes pince when ordinary alcohol Is converted Into ethylene. In what 
(Joes the analogy consist? Wliat acid is Isomeric with hydracrylio 
acid? Hon' does It i^ondiicC itself when heated? Compare tlic trans- 
formation of liydracryllc acid Into acrylic acid with that of malic Into 
malelc and fumaric acids, and with that of citric into aconitic acid. 

Acrylic acid may be made by careful oxidation of acrole!^ 
' silver oxide. The relationa between propylene, 
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allyl alcc^ol, CjIIj.OH, acrolein, CaHj.COH, and acrylic acid, 
CjHn .COjH, are the same as those between any liyUrocarbon of 
the piiralBn series, and the corresponding primai-y alcohol, 
aldehyde, and acid. 

Acrylic acid may be made further by treating jS-iodo-propi- 
ouic acid with alcoholic potash : — 

CH,I .CH, .CO,H = CHj .CH .CO^H + HI. 

Note for Stpdbst. — Compare this reaction with that by which 
ethylene ia made from ethyl bromide. 

Acrylic acid is a liquid having a pungent odor. It boils at 
140°, and solidiiies at a low temperature. 

Nascent hydrogen converts it into propionic acid. Hydri- 
odic acid unites directly with it, forming y5-iodo-propionic acid. 

Note for Student, — What are the analogous reactions with alljl 
alcohol and acroMnF 

Many derivatives of acrylic acid have been studied, but tJiey 
need not be talcen up here. 

Crotonio acid, C,HaO, — Crotonic acid is made from allyl 
cyanide, the reactions involved being represented by the 
following equations : — 

^C^HJ + KCN = C3Ha.CN + KI; 
AUfl iodide. Allyl cyanide. 

C3Hs.CN + 2HaO = CsHjCOjH + NHa- 
Cmumlc add. 

It may be made also by distilling ^-hydroxy-butyric acid, 
CH,,.CII{OH).CH,.CO,H, when a reaction takes place similai- 
to that involved in the preparation of acrylic from hydraoylic 
acid. Further, it rnay be made by treating a-brom-butyric acid 
witli alcoholic potash. 

Oleic acid, C.Hi.Oj. — This acid was spoken of in con- 
nection with the fats, it being one of the three acids found 
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Doost frequently in combination with glycerin, OLefu, 
glyceryl tri-oleate, is the liqnid tat. and is the chief oonstiUient 
of the fatly mis, such as olire oQ, irhale oil, etc- It is con-< 
tained also in almost all oixlinarj- fats. In the preparation of 
stearic acid for the manofactare of candles, the oleiii ia pressed 
out of the fats. To prepare the acid. olfSn b Baponified, and 
tbc soap then decomposed with hydrochloric acid. 

Note fok SrraEvr. — Give the equations representing the reac- 
I tions involred in passing from oMn, or glyceryl tri-oleate, to oleic acid. 

Oleic acid is a crjrstallized substance which melts at a low 
temperature (14°). It anites with bromine, forming bibrom- 
etearicacid. Ilydriodicncid converts it into stearic acid : — 



I 
I 



POLYBASIC ACII>9 OF THE EtBTLEXE GbODP. 

There are a few bibasic acids which bear to the ethylene 
hydrocarbons the same relations that the members of the oxalio 
acid series bear to tbe paraffins. They may l>e rcgard««i hb- 
derived from the hydrocarbons by the introductiou of 
carboxyl groups. 



Acids, C,H-(CO:3);. — There are two acids of this fonnQlat 
both of which have been mentioned. They are fumaric and 
maS&c acids, wliieh are formed by the distillation of uialic acid, 

Nont FOR STCDE3iT. — W}iat is tlie reaction? 

Fumaric acid may also be made by treating brom-saccinia 
CnBr.CO^ 
add, I , with alcoholic potash. 

CH,.CO,n 

Note Koit .STl;ne>-T. — What is the reaction? 

i'Botii famane and maleic acids are converted into succin 
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acid by nascent bydrt^en, and into brom-succinic acid by 

hydrobroinic acid. The character of tbc iaomerianj of these 

two acida is not understood. Their easy transformation into 

succinic acid and brom-succinic acid shows that the formula 

CH.CO,n 

I applies to both of tbcm. 

CH.COjH 

Acids, CsHnO. Tljore are three acids of this formula, all 

of whicii are obtained, either directly or indirectly, from citric 
acid. They are known as itaconic, dtraconie, and viesaconic 
acids. They bear the same relation to pyrotartaric acid, 
CjH<< p, '„> thatfumaric and malei'o acids bear to succinic acid. 
All are eonveited into pyrotartaric acid by treatment with 
nascent hydrc^eu. 

Aconitio acid, [0,H6Oa(= 0:fl,CCOjH)3)]. — Aconitic acid is 
the only tri-basie aciil of this group that need be mentioned. 
As has been stated, it is formed when citric acid is heated to 
175°. It is found in nature in aconite root, and in the sap of 
sugar-cane and of the beet. 

Nascent hydrogen converts it into tri-carb ally lie acid, 
C»Hs(CO;^)a- 

Acetylene and its DERrvATiTEs. 
The principal reactions by means of wliich we arc enabled to 
pass from a hydrocarbon of the paraffin series to the eorre- 
s|)onding hydrocarbon of the ctliylene series consist in iutro- 
dncing a halogen into the paraffin, and then treating the 
muuo-halogca substitution-product with alcoholic potash : — 
CoUsBr = C^Hj -I- HBr. 

The effect of these two reactions is the abstraction of two 
hydrogen atoms from the parallin. The following questions 
therefore suggest themselves : — 

Suppose a bibrom subsCitution^product of a p:u'affin be heated 
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with alcoholic potash ; will tho effect be that represented by 
the equation 

C^IJJr, = Ci,H, + 2 HBr? 

And, fiirther, suppose a moiio-subsUtutioQ prodnct of an 
lylene hydrocarbon be treated witli alcoholic potash ; will the 
effect be that represented by the equation 

CjH^r = CjH, + HBr? 

If so, it is plain that wc have it in our ix>wer to make a new 
series of hydrocarbons, the members of which shall bear to the 
ethylene liydrocarbons the same relation that the latter bear to 
the paraffins. The general formula of this series wonld be 
C„Hi„_„ that of the ethylene aeries being C^Hj., and that of die 
paraffin series, CuHa,+j. 

A few members of the hydrocarlKin series, CnHft,_i, are 
known, though only one is well known, and only this one need 
be considered. 

Acetylene, C3i- — Acetylene is formed by direct combina- 
tion of hydrc^en and carbon when a. current of hydrogen ia 
passed between carbon poles, ■which are incandescent in conse- 
quence of the passage of an electric current ; when alcohol, 
ether, and other organic substances are passed through a tube 
heated to redness ; when coal gas and some other suhstauccft 
are burned in an insnfflcient supply of air ; and when ethylene 
bromide is treated with alcoholic jwtash : — 

CjH^Br, = CiHj + 2 HBr. 

It may be prepared most conveniently by the incomplete eom- 

bnstion of cool gas. 

Elxperlinent S3. — Light a Bnnscn burner at the base, and turd it 
down NO that the Sniue h small. Tlie condltinii \s tlie same as that 
observed when n burner "strikes back." The odor notlccil, which Is 
familiar to every one who has worheil In n chemical laboratory. Is 
that at acetylene, which la mixed with the prodncts given off &w>ni 



ACETYLENE. 



tbe bamcr. To collect the gas, arraugc an apparatus as shown In 
Fig. 13. Place the glass fminel over the burner, from which acety- 
lene Is jrlvcn off. In S pot a strong eolation of ammonlacal eaprons 
chloride prepared as follows: Make a saturated solution of T part 
common salt ami S] partn crjRtalllEetl copper sulphate. Saturate with 
sulphur dioxide. Filter, and wash with acetic acid. 
white caprous chloride ii 




ome kind of aspirator (sn 
tc.), and draw the gases slowly 
will be absorbed by the copper 

! Esp, r.4). 



Fl«. 13. 

Connect the apparatus at C with bo 
pump, a gasometer filled with water, i 
Uirongh the solution. The iicetylem 
solution, and a precipitate formed (se 

Acetylene is a gan of an unploasaiit odor. It burns with a 
liimiiiouB, sooty flame. 

Wlien heated to a anfBciently high temi^erature, it is con- 
verted into the polymeric siibBtaiiCPa, benzene, CuH,, and sty- 
roue, Cgllf. It liiiit«B with hydrogen to form ethylene and 
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etfasne. It unites wiHi nitn^n. onder \be influenee of lU 
sparks from an induction coil, forming livdrocvAnic actil : — 

I C,H, + 2 N = 2 HCS. 

Acetylene fonne book rariooa compounds with metals and 
metallic oxides. Among tbem mar be mentioned tfae copper 
compound obtained in Esp. 53. This has the oompoeitioii, 
CtHj.Cn/), being a eompunnd of acetvlene and cnproas oxtde. 
It is a reddish-brown snbstaoee which is insoluble in wat^. 
Wlien dry, it explodes t-iolently at 120°. Hydrochloric acid 
<1econi]x>&ea it, ooetylene beiog erolred. 

ExperfBieDt 54. Filter off tlie precipitate ohtatned in Kxp. 53^ 
ami trawh it antil the wai^h-n-atcr ruiiH tliroogh colorless. Bring tlM 
precipilAtc, togciiicr with a little water. JDto a flask fumisbed with ft 
fuiiDel-tnbe and a delis-cry-tnbe. Slowly add concentrated hydro- 
chloric acid, soil uotkc tlic evolution of gag. Collect aome of It 
in a small cylinder over water, and bum it. 

Acetylene unites with bromine, forming the compound 
C,H,Br,, (etrn-brom-eth&oe. II unites with hydrobromic and 
hydriodic acids, forming subslitutioa-products of the 
rated hydrocarbons: — 

C,H. + 2 HI = C,H.I,. 

Uoet of the higher members of the acetylene series of bydro^ 
caxhona bear to acetylene the same relation that the higher menK 
bers of the ethylene series bear to ethylene. The firet one ia 

AUylvric or metJii/I -acetylene . 
the uecond is 



Etiiyl-acetyktt 



1 

cn 
c.cvn. 



C.CH, 

I 

c.c 



PKOPAEGYL ALCOHOL. 225 

It should he noticed in this connection that there is a hydro- 
carbon of the fonnnla CjHo, whicb, strictly speaking, is not 
a homologuo of acetylene, tiiough it ia very closely allied to 

CH=CH, 
dimctliyl-ncetylene. It has the formula I 

CH = CH, 
The homolc^es of acetylene may be divided into two 
classes : — 

1. Those which are obtained from acetylene by the replace- 
ment of one or both the liydrt^en atoms by saturated radicals, 
sHch aa methyl, ethyl, etc. These may be called the true homo- 
loffues. They all retain the condition peculiar to acetylene. 

2. Those in which the ethylene condition occurs twice, as in 
the hydrocarbons of the formulas 

CH=CHs C(CH,)5 



These may be called diethylene derivatives. 

We know nothing regarding the relation between the carbon 
atoms in acetylene. It is oommonlv represeut^d by three lines 
cn 

(=),orthreedota( :). Thus, acetylene is written ill orCHiCH. 

CH 
Like the sign for the ethylene condition, it should not be inter- 
preted too literally. It is best to regard it as the sign of a 
condition best illnstrated in acetylene, and which may therefore 
be called the acetylene condition. We recognize this co7tdition in 
a fompoimd by the power of the compound to take up four atoms 
of a halogen, or two molecules of hydrobromic acid and simihtr 
adds; though, aa we have seen, these reactions are not distinc- 
tive for the acetylene condition, for the reason that the diethy- 
leuu compounds have the same power. 

Propareryl alcohol, CjH.O. — This alcohol is mentioned 
meri'Iy its un exainple of alcohols which are derived from the 
acetylene hydrocarbons. It is tlic hydroxyl derivative of 



f 

^^H klljlene, or methyl-aectylenc. It is made by tretiting bi 
^^^;^;l alcohol, CaH^Br.OH, with alcoholic potash: — 
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C.H,Br.OH = CA.OH + IIBr. 

Acids, C„H,„_,0,. 
These acids are the carboxyl derivatives of the acetylei 



hjdrocarboDs, and hence differ from the members of tbe 
acrylic acid series by two atoms of hydrogen each, and from 
the members of the fatty acid series by four atoms of hydro- 
gen each. 

I / OH \ 

I Propiolic acid, CsHiOJ = | ). — The bromine and 

■ ^ C . CO,H-' 

chlorine Biibstitiition-protlncta of this acid are more easily made 
and are better known than propiolic acid itself. Chlor-propio- 
lic acid is obtained by treating dichlor-aerylic acid with baryta 
wat«r ; — 

CjHClo.COjH = CjCl.CO,H + HCl. 

f O.CH, N 

Tetrolic acid, C,H.OJ= I 1, is obtained by treating 

*> C.CO,H/ 
(S-chloi'-crotoiiic acid with caustic potash : — 

, CCI.CH5 C.CII3 

L ; = [ +HC!. 

1^ CH.COjH C.CO^ 

Sorbio acid, C3^0,(= CjH,.CO,H). — This acid occurs in 

llie uuripe berries of the mountain ash. It takes up hydrogen 
and yields hydroaorhic acid, a member of the acrylic acid seriea 
(see table, p. 218). It also takes up bromine, the final product 
of the action being an acid of the formula CjHiBri.COuH. With 
hydrobroniic acid it forma dibrom-caproic acid : — 

CsH^.COjH + 2HBr = CiH„Hr,.CO,H. 
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Leinoleic acid, C,rH»Oi(= CiHn.COiH).— This acid occurs 

in the form of an ethereal salt of glycerin in linseed oil. It may 
be obtained rrom linfieed oil by saponification. It is an oUj 
liquid, one of the most marked properties of which is its power 
to take up oxygen from the air, being thus transformed into a 
■olid eubatance. Lineeed oil itself has fJiis property of harden- 
ing or drying. It is the principal siibetanee belonging to the 
class of dnjing oUs. The oil is used extensively as a conBtituent 
of varnisliee and of oil paints. 



Valylene, GjHi,. — We have thus far had to deal with three 
series of hjdrocarbons of the general formulas C„Ha, + s, CnHj,,, 
and t'„H;i„_j. We naturally inquire whether there is a series of 
the general formula C„Hjn_,. A few members of the series have 
been prepared by abstracting hydrogen from ceitain of the acety- 
lene hydrocarbons by the action of alcoholic potash on the bro- 
mine derivatives. Thus, valylene, CjHe, has been made by 
treating valerylene bromide, CsHjBra, with alcoholic potash : — 
CjH^ra = CjHb -I- 2 HBr. 

It is a liquid. Its moat characteristic property is its power to 
nnite with bromine to form the saturated compound CjlIgBrg. 

Dipropargyl, ObHe. — Dipropai^l is obtained from tbe 
conipoimd dibrom-diallyl, CgH^Br,, by boiling with alcoholic 
caustic potash : — 

CflHsBr^ = CflHg -|- 2 HBr. 

It unites very readily with bromine, forming, as the final 
product of the action, the compound CsHuBrg, which is an 
octo-bromiiie substitution -product of hexaae, CsHi,. 



The unsaturated hydrocarbons and their derivatives thus far 
considered are obtained by simple reautious from the saturated 
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impoimds, and they all have the power to take up readily 
1n<oiamc, hydrobromic acid, etc., and tlius to pass back to 
Baturated condition. Whatever the rc.il nature of the relation 
between the carbon atoma in all these unsaturated hydrocarbonn 
may be, it certainly is easily changed to the condition which 
exists in the saturated compounds. There are several hydro- 
carbons, however, which are unsaturated but which arc not 
easily converted into derivatives of the saturated hydrocar- 
bons. Although under some oircumstances they with diffi- 
culty unite directly with the halt^ens, they do not take 
enough to convert them into derivatives of the jtaraiBus ; and 
the products which are formed are unstable, easily giving ap 
the hal<^en atoms with which they united. The simplest 
h3-drocarbon of this new kind is the well-known bcaz< 
which is isomeric with dipropai^yl. Before proceeding to 
the consideration of benzene and its derivatives, it will be 
well to inquire whether the abstractioii of hydrogen by tin 
reaction chiefly used can be pushed further than it has thiia 
far been pushed. Can we, in otJier words, by means of this 
reaction get hydrocarbons of the formula CnHj^,, which have 
the power to unite directly with ten atoms of bromine? S 
hydrocarbons have not been prepared. Hydrocarbons of the 
formula C„Hjo.j ai-e known; but they are not made from the 
paraffins by abstracting hydrogen, and they are not converted 
into substitution- products of the paraffins by the addition of 
halogens and halogen acids. The compounds which have 
been considered fall under Dve genenil heads, according to the 
formulas of the hydrocarbons. These heads are, — 

1. Hydrocarbona, C„Hia+i, the para ffins and their derivatives. 

2. Hydrocarbons, C^S,^, or olefins attd their derivatives. 

3. Hydrocarbons, C„H5o_„ or the acetylene hydrocarbon* n«A 

their derivatives. 
i. Eydrocarhons, C„H^_(, and their derivatives. 
5. Hydrocarbons,, C,H„_,, and their derivatives. 
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This claasiflcation, while strictly correct, is misleading, inas- 
macb as it conveys do idea ia regard to the relative importance 
of the compounds of the diflfcrent classes. As we have seen, 
the only compounds whose treatment required much time are 
those of the first class. These compounds stand out promi- 
ucDtly, and are distinguished by the frequency of their occur- 
rence and their great number. The compounds of the second 
class arc much less numerously represented, and but a small 
number of them are familiar substances. While a few sub- 
stances belonging to the third class are known, our knowledge 
in regard to the class is much more limited than even that 
of the second class. Finally, as regards the fouilh and fifth 
eliiSBes, the few representatives of them that are known are at 
present scientific curiosities. Thus, after we leave the paraffin 
derivatives, our knowledge dwindles away very rapidly when 
we pass to the following classes, until it ends with a amgle 
compound in the fiftli class. 

We pass now to the consideration of a new group, the impor- 
tance and number of whose members entitle it to be placed side 
by side with the group of parafflu derivatives. 




CHAPTEE XIV. 



^K TSE BENZENE SERIES OF E7DBOCABBONS. - 
^H AROMATIC COMPOUNDS. 

The fundamental substance of this group is benzene, C,H(, 
which bears to tha group tlie same relation that marsh gas 
bears to the group of paraffin derivatives. Benzene, together 
with some of its homologiics, is a product of the distillation of 
bituminous coal, and is, tbei'efore, contained in coal tar. As 
coal tar is the raw material from which all benzene derivatives 
are obtained, it will be well briefly to consider the conditions 
of its formation and the method of obtaining pure hydrocarboiiB 
from it. 



Coal tor is a thick, black, tarry liquid, which is obtained in 
the manufacture of illuminating gas from bitiiminous coal. 
The coal is heated in retorte, and all the products passed 
through a series of tubes called condensers. These are kept 
cool, and in them the liquid and volatile solid products are con- 
densed, forming together tbe coal tar. It ia an extremely ( 
plex mixture, from which a great many substances have been 
obtained. Amoi^ those most readily obtained from it are the 
hydrocarbons of the benzene series, as well as the hydrocarbons J 
naphthalene and anthracene, both of which ore important sub- ■ 
stances. 

When the tar is heated, of course the most volatile liquidaa 
pass over first. These are collected in vessels containing water.J' 
The Grst portions of the distillate float on water, and constitute! 
what is called tbe light oil. After a time hydrocarbons audi 
other substances of greater specific gravity tlian the light oEtl 
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pasB over. These portions sink under water, and tMnstituto the 
heavy oU. 

The light oil is treated with caustic soda, which removes 
phenol (carbolic acid) and Eimilar suliatancea, and with 
sulphuric acid, which removes certain basic compounds. The 
residue is then subjected to fractional distillation, by which 
means tbe first two members of the series can be obtained in 
very nearly pure condition. As these hydrocarbons form the 
hasia of a number of important industries, they are separated 
from coal tar on the large scale. 

The principal members of the series are named in the table 
below. 



r 



HYDROCARBONS, CJtja-i- 
Benzene Sebibs. 

Benzene CeH«. 

Toluene C,He. 

Xylene CaH„. 

Mesitylene 1 j-, „ 

Pseudocumene I 

Durene ) r- -n 

Cymene ) 

Hesa-methyl beuzene CuH^. 



Benzene, OnHg. — Benzene is prepared, as above described, 
from the light oil obtained from coal tar. It is also prepared 
by treating benzoic acid with lime, when tbe acid breaks up 
into carbon dioxide and benzene : — 

C,HaO= = C„H, + COa. 

Note pob Student. — What Is the analogous method for the 
preparation of marKli gas? 

Benzene has been made further by simply heating acetylene : 

3 C^s = C(Hu. 
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^^^L To purify the hydrocarbon obtained by fractional diadllation 

^^H from Ught oii, it is cooled down to a low teinpeiatunr, and that 

^^^1 (which doee uot solidify iti poured off. The (.Tystftls ore preaeed 

^^^B In the cold between layers of bibulous paper, and are then vei 

^^~ nearly pure benzene. This may be fui-ther purified by treat-' 

ment with sulphuric acid, which remores a small quantity of ft 

aubetance containing sulphur, and known ne thiop/ieni:. Pe^ 

fectty pure benzene is obtaiued by distilling pure benzoic adA' 

with lime. 

Bxperlment 55. Mix Intlmat^l^ BW benzoic acid and lOOc quid 
lime, and distil rrom a flask connected with a condenser. Sue that tl 
materials and apparatus arc dry. Add a litttc calcium chloride to ti 
distillate ; and, after it has stood for an hour or two, redistil it froi 
an appropriate sized dtst[lllng-bulb, noting tlie temperature at which : 
bolls. Flit the rediBtilied lijdrocarbon in a teatrtube, and surround J 
with a freezing mixture. 

Experiment 5(t. — lu most places where there arc gas-works Itwl 
not be dl^cult to get a quantity of light oil. The sepai'ation of Bom 
of this into beiiEene and toluene, and the puriflcatlon of the two liyiln 
carbons, Is the be«t possible introduction to a study of the aromaU 
compounds. The benzene and toluene thus obtained may be used In tt 
preparation of a unmber of typical derivatives according to method 
which will be described. In f ractioning the liglit oil. It will be observe 
■hat there is a tendency to an accumulation of the distillates In tB 
parts boiling near 80° (the bollliig-point of benzene) and 110° (the bol 
Ing-polnt of toluene). Tlic Una] puriflcntion of tlie buuEcne should fa 
effected bj freezing aud pressing, as described above. The tolDeD 
should be distilled until by redistillation Its boiling-point Is nut cbangei 

Benzene is a colorless liquid which boils at 80.6°. It has 
peculiar, pleasant odor. Several of the liotnologues of benzfin 
have a similar odor. Hence the name tiromatic compounds wa 
given to them originally, and it is still in general use. Benzei) 
ia lighter than water, its specific gravity being 0.899 at 0". ] 
I burns with a bright, luminous flame; 

^^L Experiment 57.— Pour a layer of benzene on water In a sma 
^^M craporating-dlsta. Set lire to It. 
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At 0° benzene aolUliflea, forming rhombic priema. It is an 
excellent solvent for oily and resinoiia substances.' 

Cheviical ijoniiuct of benzene, aitd li^pulhesis regarding its 
alntcture. In the ligbt of the knowledge we have already 
gained in studying hydrocarbons which contain a Bmallcr pro- 
[Hirtion of hydrogen than the parafHue do, we would naturally 
expect to find that benzcue can easily be converted into a 
derivative of hexanc. We would naturally expect to find 
that it unites with bromine, just as dipropai^yl does, to 
form an octo-brom-hexanc thus, — 

C(H, + Brj = CeHflBrg ; 
with hydrobromic acid to form tetra-brom-hexane thus, — 

C'flHs + i HBr = CgH^Bri ; 
and probably with hydrogen to form hexone, — 

CgHj + 8 H = CoH„. 

But none of these reactions takes place. Hydrobromic acid, 
which acts so readily on all the unaatnratt^d compounds hitherto 
considered, does not act at all upon benzene. Bromine acts 
readily enough, but the action which usually takes place is 
like that which takea place with the saturated paratHns. It is 
mbstiluti07t, and not addition- Thus, bromine forms mono- 
brom -benzene, CjUjBr, under ordinary circumstances. If, 
however, the action takes place in the direct sunlight, a prod- 
uct is formed which has the formula CgH^Br,,, known as 
benzene hexabmmide, and to this no more bromine can be 
added. Further, benzene hexabromide is an unstable com- 
pound, —much less stable than benzene. When heated, it 
breaks up, partly according to the equation 

CaHJBro = CjHaBr, + 3 HBr, 

• BrDfcne, Uw Fhemlisl Imllvl 
foiindeJ wlUi ■' bOBSInB," Ihe eoi 
leum (hi II. 110} . 
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3 chief product being a sribstitntion-proiluet of benzene 

W-brom- benzene, C'bHjBi',. 

Treated with hydriodii; acid, benzene takes up six fttoms of 

J ijij'drogen, and yields a hydrocarbon, CnHm which, however, doe* 

Ifiot act like a member of the ethylene series, as it appears to 

If'tave no power to take np bromine, etc., and shows a marked 

tendency to pass back into benzene, particularly under the influ- 

mce of oxidizing agents. 

The facte mentioned show clearly that benzene differs in some 
way fundamentally from all the hydrocarbons which have been 
considered. But these facts are not sufficient to enable ua to 
foim a hypothesis in regard to its structure. On studying the 
many substitntion- products of benzene, however, we soon becoms 
acquainted with facts of a different order and of the highest im- 
portance. 

It will be remembered that our theory in regard to the rela- 
tions of the paraffins to each other is based upon the fact, that 
only one mo no- substitution product of marsh gas can be obtaiaed 
with any given substituting agent. There is but one chlor- 
methane, but one brom-metfaane, et<i. This fact leads us to 
believe that each hydrogen atom of marsh gas bears the eama 
relation to the carbon atom, or that marsh gas is a symmetrical 
compound. A simitar conclusion has been reached in regard to 
benzene ; and it is based upon a most exhaustive study of the 
Bubstitution-products. Notwithstanding abnost innumerable 
effort* to prepare isomeric mono-substitution products of beo^ 
zene, no such isomeric substances have been prepared. There 
is but one roono-h mm -benzene, hut one mono-chlor- benzene, 
etc., etc. Further, mono-brom-benzene has been prepared by 
replacing the six hydrogen atoms of benzene successively by 
bromine ; and the product has been found to be the same, do 
matter which hydrogen is replaced. As this fact is of funda- 
mental importance, it will be well to consider how it is possible 
to replace the sis hydrogens successively, and to know that ia 
encb case a different hydrogen atom is replaced. While it would 



benzent:. 285 

lead as too far to consider this subject in detail, tlic priiiciiile 
made use of can be made clear in a few words : — 

We have a compound, the formula of which is CeHa, Write 
it thus, CaHHUIinH, numbering the hydrogen symbols to facil- 
itate reference to them. Tlic problem is to replace, say H, by 
bromine; in a second case, to replace U by bromine; in a 
third, n, etc ; and to compare the six mono-brora-beuzeues thus 
obtained. Suppose we treat benzene with bromine. We get 
a mono-brom-benzene, and we know that one of the hydrt^en 
atoms is replaced by bromine, but of course we cannot tell 
which one. We may assume that it is any one of the six 
represented in the above Formula, For the sake of the argu- 
ment, call it H. Our compound is therefore CsBrllHHHH. 
Now treat this compound with something else which has the 
Ijower to replace the hydrogen, say nitric acid. A second 
hydrogen atom is replaced by the uitro group NOj. Again, 
we do not know which one of the hydrogen atoms is replaced 
in tills operation, but we do know that it is a different one 
from that tchicJi was rt^aw-d by the bromine in the Jirst 
operation. Call it H. We have, therefore, the compound 
CeBr(NO,)IIIIHH. By treating this compound with nascent 
hydrogen, two reactions take place, the chief one for our 
present purfose being the replacement of the bromine by 
hydrogen. In other words, H is put back lata the com- 
pound i^ain, and we have CaH(NOi)nHHH. By means 
of two reactions which will be considered a little later it is 
a simple matf«r to replace the nitro group by bromine. This 
done, we have the compound CeHBrHHHH, or a mono-brom- 
benzene, in which the bromine certainly replaces a different 
hydrogen atom from that replaced by direct substitution- The 
two products are, however, identical. The above explanation 
will serve to make the principle dear which is involved in the 
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Irtady of the relntions which the hrdn^en atoms contained ill' 
benzene hear to tlie molecule. The principle has been applied 
auccessMl; to all the hydrogen atoms, and, as already stated, 
the result is the proof that nil these hydi-ogea Atoms l>ear thfr 
same relation to the molecule. 

Thus far we have formeti no conception in regard to the rela- 
tions existing between the constituents of benzene. Can we,- 
on the basis of the facts above stated, form any satisfactory 
conception in regard to these relations? How can we imagine 
six carbon atoms and six hydrc^en atoms arrtinged so that all 
the latter shall bear the same relation to tlie molecule? Tha 
simpleat conception is that each carbon is in combination with 
one hydrogen, and that the six carbon atoms are arranged in 
the form of a ring, and not, aa in the paraffins, in the form of 
an open chain, or a chain with branches. Using our ordinary 
method of representation, thie conception is symbolized in Qa 
formula „ 




I 



or, as the curved lines have no special significance, the expres- | 
Bion becomes tt 



HC^ ^CH 



HC. -CH 



This symbol, then, is the expression of a thought whi^ 1 
suggested by a study of the chemical conduct of ben 
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Before we cao accept it as probable, it must first be tested by 
all tbe facts known to us. If it ia not in accordance with all of 
them, if it suggests possibilities which arc not realised, then it 
must be discarded, and we must form some other conception in 
regard to the structure of benzene. 

In the first plaCe, then, does it ftcconnt for the addition 
products, benzene hexabromide, hexa-hydio-benzene, etc, ? The 
formula represents each carbon atom as trivalent, and we would 
expect, therefore, that each one could take up an additional 
univalent atom, forming, iu the case of bromine, a compound 
of the formula j^g^ 

BrHC-^ ^CHBr 

I i 

BrHCv yCHBr 

HBr 

in which each carbon atom is acting as a quadrivalent atom. 
Unless tbe ring form of combination between the carbon atoms 
is broken up, it is impossible for the compound to take up more 
bromine. Hence, the last product of tbe addition of bromine 
to benzene should l>e benzene hexabromide ; and, in the same 
way, the last product of the addition of hydrogen should be 
hexa-hydro-benzene, as it is. The facts and tbe hypothesis are 
in harmony. 

Again, we may inquire : Of how many isomeric bi-substitu- 
tion products of benzene does the hypothesis suggest the exist- 
ence? Numbering the hydrogens in the formula, we have: — 

(i)n 

(6)HC'^ ^CH(?) 
(5)HCs^ /CHt3) 
H(+) 

The liydrogcns (1) and (2). (2) and (3), (3) and (4), (4) and 
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(5), (5) and (6), and (6) and (1), bear the same relations to 
each other ; and, according to the formula, whether we replace 
(1) and (2), or (2) and (3), or (3) and (i), or any other of 
the above-named pairs, the product ouglit to be the same. 
would get a compound of which the following is the general 
expression, in which X repreeenta any substituting atom 
group : — ;x 



I 



HC^ 



^CX 



In the second place, the hydrogens (1) and (3), (2) and 
(4), (3) and (o), (4) and (G), (5) and (1), and {6> and (2) 
bear to each other the same relation, hut a different relation 
from that which the above pairs do. Keplaeing any such pair, 
we would have a second compound, which is represented by 
the general formula 



X 



HC^ 



I 



Finally, there is a third kind of relation, which is that between 
hydrogens (1) and (4), (2) and (5), and (3) and (6) ; and, by 
replacing such a pair, we should get a compound lepresentecl 
by the general formula 



I 
HCv 



I 
,CH 



The hypothesis suggests no other possibilities. We see thus 
tbat tlie hyixitbeaie iudicates the existence of three, and only 
three, classes of bi-suhatitution products of benzene. There 
ought to be three, and only three, bi-chlor-benzencs ; three, 
and only three, bi-brom- benzenes, etc. 

Tlie hi -substitution products have been studied very exhaust- 
ively for the purpose of determining definitely whether the 
conclusion above reached is in accordance with the facta ; and 
it may be said at once, that every fact thus far discovered is in 
harmony with the hypothesis. Three well-marked classes of 
isomeric bi- substitution products of benzene are known, and 
only three ; and many representatives of the three classes have 
>icen studied carefully. Tliere are many other facts of less 
importance known which furnish arguments in favor of the ben- 
zene hypothesis expressed in the formula alx>ve discussed, but 
this is not the place to consider them. Let it siiffice, for the 
present, to recognize that the hypothesis is in accordance with 
the most important facta known to us. 

There is one point which has not l>een touched upon, and 
that is the relation of the carbon atoms to each other. In 
regard to this, as well as to the relation between the carbon 
atoms in etliylene and acetylene, we know notbii:^. The 
formula is commonly written thus: — 



k 



H 



H 



which indicates that the carbon atoms are joined together 
alternately by simple and by dunble bonds. This formula, 
however, expresses something about which we know nothing, 
and concerning which it is diftlcuH, at present, to form any 
conception. The simple formula 
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F ^M 

H ^^^^ 

learea the qaestion as to the relation between the carbon atoma 
entirely open, as it is iD fact. 

The benzene hypothesis has thus been eousidered pretty fully 
for the reasons, that it has played an extremely important part 
in the study of the bcnsene derivatives, that its use serres 
greatly to simplify the study of these derivatives, and that ia 
most text-boolis, whether elementary or advanced, the hypothesis 
is merely stated, while the student is left to find out for himself 
its meaning, and this he generally fails to rto. We may now 
return to a study of the facts upon which the hypothesis is 
founded, and of which the formula is the symbolic expression, 

Toluene, C;Hb(= CbHs.CHj). — Toluene was known before 
it was obtained fi'om coal tar, as it is formed by the dry distilla- 
tion of Tolu balsam, whence its name. Its relation to benzena 
is shown by its synthesis from brom-benzene and inetbyl 
iodide : — 

CjH^r + CRJ + Na, = C^Hj-CHa + NaBr + Nal. 

NOTK FOB Studbnt. — CompftTe this reaction with that used In tbo- 
BynthCBia of ethane from roetbano, of propane from ethane and 
methane, etc. 

According to this synthesis, toluene appears as ineOiyl-beuxene, 
or benzene in which one hydrogen is replaced by methyl ; or aa 
phenyl-inethune, or methane in which one hydrogen atom is re- 
placed by the radical phenyl, C0H5, which bears the same 
relation to benzene that methyl boars to marsh gas. 
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Toluene ii a colorless liquid which boils at 110°; has the 
specific gravity 0.8824 at 0°; and has a pleasant aromatic 
odor. 

It is verjueuBceptible to the action of reagents yielding a large 
number of substitution -products, some of the most important 
of which will be considered farther on. 

But one toluene or methyl-beuzene has ever been discovered. 

Towards oxidizing agents its conduct is peculiar and interest- 
ing. Tbe methyl is oxidized, while the phenyl remains intact. 
The product is a well-known acid, benzoic acid, which, as we 
have seen, breaks up readily into cartran dioxide and benzene. 
It bas the composition C^HbO^, and is the carboxyl derivative 
of benzene, CbHj.COjH. Tbe oxidation of toluene is repre- 
eented by the equation 

^ CHj.CHj + 30 = C„Hj.CO,H + H^O. 



^■Xylenes, C,H,„[= OsH.fCH,),]. — That portion of light oil 
which boils at about 140° was originally called xylene. It 
was afterwards found that this coal-tar xylene consists of 
three isomeric hydrocarbons. Aa the boiling-points of these 
three substances lie quite near together, it is impossible to 
separate them by means of fractional distillation. By treats 
incnt with sulphuric acid, however, they may be separated, 
and thus obtained in pure condition. They are kuown as 
ortho-xylene, meta-xykne, and para-in/lene. 



Ortho-zylece resembles benzene and toluene in its general 
properties, but boils at 142° to 143°. 

Meta-xylene boils at 13'J.8°. 

Para.-xylene boils at 130' to 137°. 

IkThese liydroearlions have also been obtained from toluene by 
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means of the reaction made use of for the purixiae <rf convertinj 
benzene into toluene ; — 



C8H^<^"= + CH3I + 2Na = C„H,<^"= +NaJir + Nal. 



"~Br 



CH3 



This shows that they are all inethyl-toUieves. There are 
three mono-bram-toluenes, known ae ortho-, meta-, and par^ 
brom-toluene. For the preparation of ortho-xylene, ortho- 
hrom-toluene ia need ; meta-brom-toluene yields meta-xylensf 
and para- brom 'toluene yields para-xylei 

Ortho- and meta-xylene have also been obtained from cert&itf 
adds, vrhich bear to them the Bame relation that bL'uzoic 
\ bears 



f CHs 
CgHJCHa = C„H,(CH,) 
(cOaH "* 



- CO,. 



The reaction by which meta-xylene is formed fi-om 'mesitylenio 
acid IB of special importance, as will be pointed out. 

By oxidation, the xylenes undergo changes like that wbicb 14 
illustrated in the formation of benzoic acid from tolueuc,,audt 
vhich consists in the transformation of methyl into carbo%yl. 
The first change gives acids of the formula C,H, < • one 
corresponding to each xylene. By further oxidation, th 
three monobasic acids are converted into bibasic acids of 
formula ^'^^'^ row I'Iiib, we have the three readJons, 
of the same kind : — 



(1) C,H,.CH3 +30 = CJIj.C0aII 

(2) CbH, < ^'^= +30= C,H< < ^ 






l«nd (3) CjH.<^ 



, + 30 = C„II,<^ 



XYLENES. 
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^^^^ Thp three monobasic acids of tlic formula C(ni<,,,|' art 

known as ortho-toluic, meta-toluie, aud para-toluic acids re- 
B[>ectively ; and the three bibosic acids obtained from them 
ore known as ortko-phtkalic, meta-phtlutlic, aud para-phtkulic 
acids. Starting thus from the three brom- toluenes, we get, 
first, three xylenes, then three toluic acids, and finally three 
phtlialic acids. In each case, wo distinguish between the 
three isomeric compounds by the prefixes ortho, meta, and 
jiara. In a similar way, all bi -substitution products of ben- 
zene are designated. We tticrcfore have tliree scries into 
whicli all hi-substitution products of benzene can be arranged ; 
and these are known aa the Ortko-series, the Mela-aeries, aud 
the Para-series. In aiTanging them in this way, we may 
select any promineut bi-substitution product, and call it an 
ortho compound; and then call one of its isomerides a meta 
compound, and the other a para compound. Having thus a 
representative of each of the tliree classes, the remainder of 
the problem consists in determining for each bi -substitution 
product, by means of appropriate reactions, into which one 
of the tljree representatives it can be transformed. If fVom 
a given compound we get the representative of the ortho 
series, we conclude that the compound belongs to the ortho 
scries ; if we get the representative of the meta series, we 
conclude that the compoimd is a meta compound ; and if we 
get the representative of the para series, we eonclnde that 
the compound is a para compound. As representatives, we 
may select either tlie three xylenes or the three phthalie 
acids. Now, to repeat, any bi-substitution product of beii- 
xeue wliieh can be eouvei'ted into ortho-xylene or into ortho- 
phtlialic acid is r^arded as au ortho compound, etc. 

This classiDctttion of the bi-substitution products of benzene 
into the ortho, meta, and para series, by means of chemical 
Iransfonuations, ia entirely independent of any liypotheais re- 



Mi 

garding the nature of benzene. We may now ask, however, 
which one of the tliree general expresaions given above (i 
I formulas I., II., and III., p. 238) represeiita the relation of 1 
I groups in the ortho compounds, which one the relation in tbft 
mcta compounds, and which one the relation in the [rnra comi 
pounds. If we can answer these questions for any thn 
isomeric bi-suhstitutiou products, the answer for the rest will 
follow. To reduce the problem to simple tenna, therefore, 
let us take the three xylenes. We have three xylenes a.oi 
three formulas : how can we detarmioe which particular forin^ 
ula to assign to each xylene? 

As may be imagined, this determination is by no 
simple matter ; and it has been the occasion of a great many' 
investigations. Theoretically, the simplest method ayailabU 
conaiats in carefullj' studying the substitution -products of each 
xylene, to discover how many varieties of mono-substitution. 
products can be obtained from each. The formulas are 



CHa 



CH, 



(4)HC'^ ^CCHj {4)HC^ 
(3)HCs^ /CH{1) (3)HC^ 

H 

(2) 



^CH(l) (4)nc- 

I I 

/CC1I3 (3)nc. 



(2) 






Each of the foor unreplaced benzene hydrogens of the xvlent 
of formula III. bears tlie same relation to the molecule. Ii 
therefore should make no difference whicli one is replaced, 
product ought to he the same. This should not 1^ true ol 
the xylenes represented by formulas I. and II. That xylene^ 
whose structure is represented by formula HI., ought therefore 
to yield but one kind of mono-substitution pro<iuct. On studj- 
ing the xylenes, we find the one which boils at 130° to 137° 
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called |mrn-syleDe, yields but one kind of moao-substitiitioD 
prodimts ; that ia, we can get from it only one mono-brom- 
xylene ; only one mono-tiitro-xyleue, etc. We therefore con- 
clude tbat para-xylene is repreueutcd by formula III, above ; 
and, furtber, that formula III., on p. 238, is the general ex- 
preaeion for all [uira compounds. 

Examiniug formula I., on tiic preceding pogc, in the same 
way, we see that H(l) and H(4) bear the same relation to the 
molecule ; and that 11(3) and 11(2) also bear the same relation 
to the molecule, though different from that of H(l) and H(4). 
Two ehlor-xylcnes of the formulas 



CH, 




CH, 


^C^ 




,C^ 


1 1 


nnd 


I [ 


HC, ,CC1 




UC> ,CH 



n ci 



ougiit to Ije obtainable from the xylene of formula I. 

In the same way three raono-sulistitution prochicts might be 
obtainable from the xylene of formula II. The method, the 
principle of which is thus indicated briefly, while theoretically 
8impte enough, ia very difficult in ita application, except in tlie 
case of the para com|jouade. Other methods have therefore 
been used, and these will be considered andcr mesitylene and 
naphthalene. It may be said, in anticipation, that the result 
of all observationB [wint to formula I. for ortho-xyleue ; to 
formula II. for meta-sylenc, and to formula III. for para- 
sylene. 

Bthyl-benzene, C3ia(=C3s-C,H6}. — This hydrocarbon is 
isomeric with the xylenes, hut differa from tbem in that it cou- 
tiUDS au ethyl group in the place of one hydrogen of benzene, 



' fnetead of two methyl groups in the place of two hydrc^ens 
benzene. 

It is mnde by treating a mixture of brom-benzene and eth^' 
bromide with Bodiiira : — 

CsHiBr + C,H,Br + 2 Na = CgHj.CfHj + 2 NaBr. 

Ite conduct towania oxidizing agents distingniahee it from 
xylenea. It yields benzoic acid, just as toluene does. In ■ 
case, OS in that of toluene, the pai'afBn radical is converted into 
carboxyl. It has been found tliat no matter what this radic4 
may be, it is, under the same circumBtances, converted into car* 
bosyl. Thus, the conversious indicated below talie place : 

CflHj.CHa gives CjHj.CO^. 



C«H,.C,H, 
C«H,.CsH, 
CsH..CsH„ 



CtU,< 



CH3 



CaHi-COJI. 
C,Yl, .CO3H. 
CACO,H. 



CoH.<^ 



CJI, < 



COJI 



MeBitylene, CbH,i[= C6Ha(OHs),]. — Mesitjlene is contained' 
in small quantity in light oil, and may be obtained in pure coo- 
ditiou from this source. It is most readily prepared by treating 
acetone with sulphuric acid ; — 

3 C^fi = CjHu + 3 HiO. 

It is a liquid resembling the lower members of the series i 
general properties. It boils at 163°. 

Its conduct towards oxidizing agents showa that it is a trf 
methyl-benxene. When boileil with dilute nitric acid, it yield 
meaityleiiic acid, CjHioOj, and uvitK add, C^HjOj ; and, 1^ 



^^^^ 
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further oxidation with chromic acid, trimesitlc acid, CgHjOg, is | 


formed. By diatillatioQ with 


ime, mesitylonic acid yields nieta- | 


xylene iind carbon dioxide ; 


uvitic acid yields toluene and 


cap- ■ 


hon dioxide; and trimesitic 


acid yields benzene and carbon | 


dioxide. The formation and 


decomposition of the acids 


may 


be represented by the equations following : — 




^^ CeH,,(CH3)a +30 

^^^ Meiltflciw. 


fCH, 

= C,H, ] CH, + H^ ; 

( CO,H 

Mwilylcnlc Bold. 




\^ C^JS +30 
^V (^CO.H 


(CH, 

= C«hJC0JI + H,Oi 

(cOjH 








^^m MHlt;reii1c«UI. 


UviUc add. 




^H C,H,jcO,H+30 


(CO,H 

- C,H, j CO,II + H,0 ; 

(.00,11 








^^B uviiio 






H (CH, 

^M c,hJch, 
^B (co,ii 


= C.H.{CH. + CO,, 




^^H UcgllylcDJo ocid. 


MeU-iyleiip. 










= C6ll5.CH, + 2C0,| 




Toiuene. 


^^^H 


^H C«Uo CO,H 

^H Cco,n 




^^^M 


= CJIa + 3 CO,. 


^^M 


BcnioDe. 


^^M 


^^H Tilio»IIk 






^^^^hese transform ations show clearly that mesitylene is 


a^^t 


methyl-benzene, but they do 


not show in what relation 


(he 1 


methyl groups »tand to each 


other. 


1 


Ac ingenious Bi)ecutation i 


rcgai-d to this relation ia based 1 


Upon the (act that mesitylene is formed from acetone. 


J 
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appears probable that each of the three moiecuicB of acetoi 
taking part ia the reaction, 

3 CjHaO = C,II„ + 3 H,0, 

undei^OQS the same change. As the product contains three 
methyl groups, the simplest assumption that can be made is 
that each acetone molecule gives up water as represented 
thns: — 

CHa-CO-CHs = CHg-C-CH + H/>. 

We thus have three residues, CHj— C— CH, and these unite 
to form trimethyl benzene. The only way In which the union 

can be represented, assuming that all three act in the same 
way, is this: — 



I 



CH, 



I 
xC.CH, 



H 



» 



According to this reasoning, mesitylene is a symmetrical ( 
pound, — that is to say, each of the three methyl gi'oups Iteara.fl 
the same relation to the molecule ; and the same is true of oacIt| 
of the three benzene -hydrogen atoms. 

This view has been tested by replacing the three hydrogen I 
atoms successively by bromine ; and it has been found that I 
the view is confirmed, as but one mouo-brumlue substitutioo- 1 
product of mesitylene has ever been obtained. Accepting theil 
formula above given for mesitylene, an important conclnsioin 
follows regarding the nature of meta-sylene. For we hAVt 
seen that, by oxidizing mesitylene, we get, as the first product, * 
mesitylenic acid, — which is mesitylene, one of whose metbyb 
JioB beeu converted into caiboxjl. As all the methyl groups 



I 
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bear the same relation to the molecule, it malies i 
f, which one ia oxidized. The acid has the formula 



CO^.C\ 



I 
yC.CH, 
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Fere nee I 



II 



Now, by diatiUiiig this acid with lime, carbon dioxide is given 
off, and meta-xj'Iene is produced. 

As the change consists in removing the carboxyl, and replac- 
ing it by hydrogen, it follows that meta-xylene must be repre- 
sented by the formula 



^!5 



CH3 






I 
/C.CHj 



'^Bfl consequently that, in all meta compoiinda, the two aubsti- 

tiiliug ntoms or groupa bear to each other the relation which the 
two methyl groups bear to each other in this formula for mota- 
xylene. 

Peeudocumene, C^nC^CoHjfCHjlj]. — This hydrocarbon, 
which 19 isoraeric with mesitylene, occurs in coal-tar oil, from 
which it can be made in pure condition. Its properties are 
similar to those of the tower members of the series. It boils 
at 169.8'. 

PsBudociiniene has been made synthetically from brom-para- 
xylone and methyl iodide, and also from brom-m^ta^x.^^'^ 'as>^ 



w9L be understood by a 



3."a c 






\ 



HCv C-CH, 

C 



-»! 



of the compoon 



<?•».- i*>^s.mt«ii:vk, rtit 



>«*.^a?v*.i 




^..S^, 
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It has been made synthetically from para-brom-toluene and 
propyl bromide : — 

CeH4 < J^» + CeHjBr + 2 Na 
Br 

= C,H, < J5 +2 NaBr, 

which clearly shows its relation to benzene. As the final 
product of its oxidation, it yields para-phthalic (terephthalic) 
acid : — 



see p. 24G. 



^•^^<C,H7 ^''^' ^•^*<cSh' 




DBRIVATTVES OP THE HYDROCARBONS,* CHft-., 
OF THE BENZENE SERIES. 

Rkcalling what we leariieJ under the head of Derivatives of 
the I'iirafiins, we naturally look for representatives of all the 
classes of compounds there met with. The derivatives of the 
paraffins were classified into : — 

1. Halogen derivatives. 

2. Oxygen derivatives, inclnding the Alcohols, Aldehydes, 

Acids, etc. 

3. Snlphur derivatives, iucluding the Mercaptans, Sulphotdo 

Acids, etc, 

4. Nitrcffi;eD derivatives, including Cyanides, Amines, Niti-o com- 

jwiinds, etc, 

5. Metallic derivatives. 

The derivatives of the benzene hydrocarbons may be classi- 
fied in the same way, but a cliange in the order of consideration 
will be somewhat more convenient in this connection, owing to 
many points of analogy which exist between the halogen enb- 
stitntioD-prodncts, the nitro compounds, and the sulphonic 
acids. All of tiieac three classes of derivatives of the benzene 
hydrocarbons are made by direct treatment of the hydi-ocarbona 
with the substituting agetit^, and in some respeetH resemble 
each other, bo that they will be eonaidered in connection. As 
the amido derivatives of this series are made almost exclusively 
from the nitro compounds by reduction, they will be considered 
in connection with the nitro compounds ; and, further, by Ireat- 
ment of the amido compounds with nitrons acid, a new class 
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of nitrc^ea derivatives, known as diazo compoundi, not met 
with in connection willi the paraffins, is formed. These will 
be considered after the amido compounds. 

After these classes have been considered, we shall take up in 
turn the oxygen derivatives, which include the phenols or simple 
hydroxyl derivatives of the hydrocarbons, the aioohols, alde- 
hydes, acids, and ketones; and, finally, the Tij/droxy-ncids, 
which are strictly analogous to tho hjdroxy-acids of the parafiin 

We have thus the following classes : — 
1- Halogen derivatives. 5. Sulphonic acids. 9. Acid.i. 

2. Nitro compounds. 6. Phenols. 10, Ketones (and 

3. Amido compounds. 7. Alcoluils. Quinones). 

4. Diazo compounds. 8. Aldehydes. 11, Hydroxy-acids. 

The relations of most of these classes to the hydrocarbons 
are the same as those of the corresponding derivatives of the 
paraffin series to the paraffins ; and the general methods of 
preparation, as well as the reactions, arc the same. Hence, 
most of the knowledge acquired in the first part of the book 
may be applied to the series now under consideration. 

An enormous number of derivatives of the benzene hydrocar- 
lioiis have been prepared and studied ; but we need study only . 
very few in order to acquire a general knowledge of them. In 
tliu following a few of the more important representatives of 
each class will be studied, mainly with the object of illustrating 
general facts and general relations. 

Halogen Dehivative9 op Benzene. 
Very Uttle need be said iu regard to tJiese derivaHves. By 
direct action of bi-ominc or chlorine upon benzene the hydrogen 
atoms are i-cplaced one after another, until, as the final products, 
hexa-dthr 'benzene, CjClu, and hexa-brovi-bemene, CsBrg, are ob- 
tained. It has already been stated that, when the action takes 
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place in direct Bun%ht, addition-products, CallgClg and CgHgBr«f 
are formed. Benzene hexacldoride, C(Il„Clfl, is fonned also 
when chloriue is conducted into boiling benzene. The addition- 
producto arc readily decomposed, yielding tri-substitntion prod- 
nets of benzene and halogen acid : — 

I CalleBfa = CeHsBrj + 3 HBr. 

■ The substitution-products are very stable. They are, as a 
rule, formed more easily tlian the halogen derivatives or the 
poraSlug, and, as a rule, they do not give up the halogen 
readily. Thus, while it is possible in the paraffin derivatives 
to replace chlorine and bromine by hytlrosyl, the amido groups 
etc., these replacements cannot easily be effected in tlie benzene 
derivatives. The halogens can be removed by sodium, 
^lovm in the synthesis of hydrocarbons : — 

I C'eHsBr + CHal + 2Na. 

= CflHs.CH^ + NaBr + NaT, etc., etc. 

They may also be removed by nascent hydrogen, the hj-dro- 
carbona being regenerated : — 

CaH.Cla -I- 4 H = C<,H, -|- 2 HCI. 
This kind of reverse substitution is not, however, effected 

Perhaps the beat known of the bi-aubstitution ])rotlucts of the 
class under consideration is 

Bibrom-benzene, CBH,Br„ which is one of the products of 
the direct treatment of benzene with bromine. This being a 
bi-substitution product of benzene, It follows, from what has< 
been said in regard to isomerism in tliia group, that threS' 
isomeric varieties of the substance ought to be obtainable ; 
the interesting question suggests itself: which one of UlQ 
three possible bibroui -benzenes is formed by direct treatmeot a 
Knzeno with bromine? The answer to the question is equally 
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interesting. The main product of the action is poro-hibrom- 
benzene, while there is always formed in much smaller quantity 
some of the ortho product. The reason why these products 
are obtained, and not the rtieta compound, is unknown ; nor 
lias any plausible hypothesis been suggested to account for the 
fact. 

In studying the substitution-products of benzene, one of the 
first problems which present themselves is the determination 
of the relations which the substituting atoms or groups bear 
to each other. The determination is made, aa has been 
stated, by transforming the compounds into others, the rela- 
tions of whose gi'oups are known. Thus, to illustrate, when 
benzene is treated under the proper conditions with bromine, 
two bibrom -benzenes are formed. Without investigation, we, 
of course, cannot tell to which series these compounds belong. 
But, by treating that product which is formed in larger quantity 
with methyl iodide and sodium, we get para-xylene. In other 
words, by replacing the two bromine atoms of the bibrom- 
lH>nzcnc by methyl groups, we get a compound which we Icnow 
Iielongs to the para series ; and, therefore, we have determined 
timt the bromine product is a jiirra cow,pound. In the follow- 
ing the chief reactions made use of for effecting the trans- 
formationa of the derivatives will be discussed. 

k Halogen Deeivattves op Toldene. 

_L8 toluene is ma<lo up of a residue of marsh gas, methyl, CHj, 
and a residue of benzene, phenyl, CgHj, it might naturally l>c 
expected that it would yield two classes of subatitutiou-prod- 
ncta: viz., (1) Those in which the substituting atom or group 
replaces one or more hydrogen atoms of the phenyl group ; 
and (2) those in which the substitution takes place in the 
methyl. Rein-esentutives of both tliese classes are well known. 
In general, when hoilhij toluene is treated with chlorine or 
brumiue, products of the second class are obtained; while, 
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Q treated io 
f toined- Thns, 
derivatives : — 



the cold, prodncts of the first claaa are 
Ke have the two parallel series of cl 



CbH.C1.CH,. 
C^,C],.CH,. 
CJIjCli.CHj. 



CoTJj .CHjCl. 
CsHs.CHCI,. 
CgH,.CCla. 



I 



"When a meinber of the first class is oxidized, the methyl I ^^ 
changed, and the rest of tlie compound remains iinchangett 
'as in the case of toluene. Thns, the first substance of class f, 
jlelda the product CoH^Cl.COjH; the second, C^jCl,.CO^ 

Tliese products are sitbslituted benzoic acids. On 1 
other hand, all tlie membei-a of the second clnss yield the b 
prodnct that tolncnc does ; viz., benzoic arM. Hence, 
treatment witliosidizing agents, it is easy to distinguish betwec 
the members of tlie two eliiasea. Further, the haloger 
contained in the methyl are not as firmly held in combinatioi 
as those in the phenyl. When, for example, the compom 
CaHa-CHCl,, which is called benz'il cJiloride, is treated witi 
water, both chlorine atoms are replaced by oxygen, the prodw 
lieing the aldehyde CoHs.CHO, which, as we shall see, la t 
familiar substance, oil of hitter almovils. When, however, t 
isomeric di'-c/ifoMoiuejie CoHjCla.CHj ia heated with water, i 
ohange takes place. 

Regarding those simple substitution -prodncts of toluene whic^ 
contain one balogen atom in the jiheny!, such as mono-brom 
toluene, Call.Br.CHj, we ace that they are bi-subatitution protH 
nets of benzene, and hence capable of existing iu three 
varieties, ortho, meta, and para. The products formed 1 
direct treatment of toluene with chlorine or bromine are mixtnre 
'Consisting mostly of the para compound, together with a 
smaller quantity of the ortho compound. 

The determination of tlic series to which one of tliese prodaol 
uga may be made by replacing the halt^n by nicthylj i 
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thus getting the corresponding xylene. The main product of 
tlic action of bromine on toluene ia thus converted into pa»- 
xjlene, and is therefore par a-brom- toluene. 

Halogen Derivatives of the Higher Members of 
THE Benzehb Series. 
Concerning the habgen derivatives of xylene, it need onlj- be 
said that the only one of the three xylenes from which pure 
products can easily be obtained is para- xylene. When this is 
treated with bromine it yields but one mono-brora-xylene. The 
significaDce of this fact has been discussed above. The niono- 
substitution products obtained from the other xylenes are 
mixtures which it ia very difficult, and in some eases impos- 
sible, to separate into their constituents. Mesitylene and 
pacudocumene, though both are tri-methyl-benzenes, conduct 
themselves quite differently towards bromine, — -the former yield- 
ing only one mono- bromine product ; the latter, a mixture of 
several. 

NriBo CoMPODNDs 0¥ Benzene ani> Toluene. 



In speaking of nitro compounds in connection with the paraf- 
fin derivatives (see p. 100), it was Btated that they are obtained 
much more readily fram the benzene bydroearbous than from 
tlie paraillns. But few nitro derivatives of the paraffins are 
known. As will he remembered, tbey cannot be prepai'ed by 
treatiug the paraffins with nitrie acid, but must be made by 
circuitous reactions, the principal one being the treatment of 
the halogen derivatives with silvei' nitrite : — 

Caller + AgNO, = C„H,(NOj) + AgBr. 

The preparation of a nitro derivative of a hydrocarbon of 
the benzene series is a simple matter. It is only m^^ssary to 
bring the hydrocarbon in contact with strong nitric acid, when 
reaction takes place, and one or more hydrogen atoms of the 
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hydrocarbon are replaced bv Ibe nitro group XOa, as illustrated 
in the equations, — 

Cyi, +HNO,= C«ns.NO, +H,0; 

CgH.-NOj + HSOj = Cai,(NO,), +ILO; 



C^i.CH 



+ HNO, = C6Hi< 



NO, 
CH, 

+ HNO, = C«,<(™'>' 



hBJOi 
hH^O. 



i 



The nitro compounds thus obtained are not acids, nor are 
they ethereal salte of nitrous acid, as the formulas might lead 
U8 to suppose. The most rational view held iu regard to them 

, that they are formed from nitric acid by the replacement of 

hjdroxyl by benzene radicals, as indicated thus: — 



CoHsIH + HO|.NOj= CfiHi.NOj + H,0. 



I 



Mono-nitro-benzene, CjHi-NOj. — This substance i 
by treating benzene with concentrated nitric acid, or with »1 
mixture of ordinary concentrated nitric and sulphuric ac)dB>-l 
In the latter case, the sulphnric acid facilitates the reaction, 
probably by preventing the dilution of the nitric acid by the 
water necessarily fonned. 

Kxperlment B8. Make a mliture of 150™ ordinary concentrated i 
sulphuric acid, and 76™ ordinary canccntrated altric acid. Let tt eocU 
to tlie ordinary temperature. Put the vessel coutalning It In waM^' 
and add about !!>•= to 20™ benzene, n few drops at a time, waiUn§: eftell 
tlmo until the reaction is compLute. Shake well iiatil the benzene fs 
dissolved! then pour slowly Into about a litre of cold water. A yellow 
Oil will sink to the bottom. This is nttro-benzene. Ponr off the acid 
and water; wash two or three times witli water; separate the water 
by means of a. pipette, and dry by adding a little grannlated calclom 
chloride. Alter standing for some time, ponr off tVom the calctnm 
chloride, aud tlistil from a proper sized dlstUUng-balb, noting the 
boiling temperature. 

Nitro- benzene is a liquid which boils at 205°, and has 1 
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specific gravity 1.2. Its odor is like tbat of tiie oil of bitter 
aimonds, aud it is lience used in many cases iuetead of the 
latter. It is known as tlic essence of miriane. It is manufac- 
tured on the lai^e scale, and usecl principally in tlie preparation 
of aniline. 

Dinitro-benzene, CgH.(NO:)j. — This is a product of the 
further action of nitric acid on benzene, or on nitro-benzenc. 

Experiment S0> Make a mixture of 50™ coucentrated sulphuric 
acid, and fiO" fuming nitric acid. Without coollog add very aloioly 
about 10™ benzene from a plpetto with a Due opening. Atter tbe 
action \s over, boil the mixture for a short time ; then pour into about 
half a litre of water. Filter off the solid substauce thus precipitated, 
press It between layers of flitur-paper, and crystallise from alcohol. 

Dinitro-benzene eryatallizea in long, fine needles, or thin, 
rhombic plates. McUiug-poiut, 89.9°. 

By means of two reactions, whicli will be considered under 
the head of Diazo Compounds, it is a simple matter to replace 
tbe two nitro groups by bromine, thus converting dinitro-ben- 
zeoe into bibrom- benzene. When tho latter is converted into 
xylene, the product is meta-xylene. Hence, ordinal^ dinitro- 
benzene is a meta compound. 

Nitro-toluenes, C^,(NO.;).CHj When toluene ia treated 

with strong nitric acid, substitution always takes place in the 
phenyl. The chief mono-nitro-toluene is a para compound; 
while, at the same time, a little of the isomeric ortho compound 
ia obtained. 

Note ron Stcoent. — What mono-bromine prodncts are formed 
by direct treatment of toluene with bromine? Given a mono-nitro- 
toluene. How Is It posBiblc to determine whether It belongs to the 
ortbo, the meta, or the para series? 

By treatment with nascent hydrogen, the nitro- toluenes are 
converted into the corresponding amido compounds, called 
Toluidinea (which see). 



^ 
^ 



!60 dbeitatrves op the benzene series. 

Amido Compounds of Benzeke, etc. 
The amido derivatives of the parafBiiB are made, for the moi 
part, by treating the halogen derivatives with ammonia ; - 

CjHjBr + NH3 = CjH, . NHj + HBr. 

In Bpeaking of these derivatives, however, attention was called 
to the fact that they may also he made by treating nitro com* 
pounds with nascent hydrogen. The latter method is one of 
great importance in the benzene aeries. It is used exclusivelj 
I the preparation of the amido derivatives of the benzeofl 
hydrocarbons. Several of these derivatives are well knowui 
the simplest and best known being amtda-benzette or aniline- 

AnUine, 0,H,N(= CjHi.NH,). — Aniline was first obtained 
from indigo by distillation. Anil is the Portuguese and French 
name of the indigo plant, and it is from this that the name 
aniline is derived. Aniline is found in coal tar and in bono oil, 
a product of the distillation of bones. It is prepared by re- 
ductioQ of nitro-bcnzene with nascent hydrogen. On the large 
scale the hydrogen is obtained from hydrochloric acid and iron. 
For laboratory purposes tin and hydrochloric acid are perhaps 
best. Other reducing agents, such as an ammoniacal solution 
of ammonium sulphide, hydriodic acid, etc., also effect the 
change, which is represented by the following equation: — 

CBHj.NOa + 6H = CoHj.NH, + SHjO. 

Kitporlment 80, Dissolve the nitro-beiizene obtained In Exp. B8 

in alcoholic ammonia, aud saturate the solution with hydrogen sub 
phide, keeping it slightly ivarm. On the water-hath distil off the exceaf > J 
of ammontura sulphide and some of the alcohol. To the rcsldae a '" 
dilute hydrochloric acid. This will dissolve the Boillne, bui li 
any unchanged nltro-benzene undissolved. Separate the latter. 

dryness; mix with a Itttlc lime, nnd distil from a 
AnIIini 



^^^ rate to drj 

^^^ Aniline wl 

^^K AaBiat 




Aniline is a colorless U(iuid which rapidly becomes colored 
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the tiir. It boilB at 184.5°. It solidifies at a low temperature ; 
is easily soluble in alcohol, but slightly soluble in water. The 
solutioa iu water has only a very slight alkaline reaction. 

Experlmpat 61. To an aqucons soliitioD of a little of the aniliDO 
obtalnecl In Exp. 00, in a tcst-Cabu. add a llUcrcd Bolutlon of blench- 
ing powder (calcium hypochlorite). A benutlful purple color Is pro- 
duced. 

To a solution of aniline in concentrated sulphuric acid add a few 
drops of an aqueous solution of potassium bichromate. A blue color 
Is prodnced. 

Aniline bears to benzene the eame relation that othyl-a 
or amido -ethane bears to ethane. It is a substituted n 
and, like other bodies of the same class, it unites directly v 
acidg, forming salts. Thus, with hydrochloric, nitric< and 
Bulphuric acids the action t.ikcs place as reiireseuted below : — 

C,U,.NIIa + HCl = (CaHj.NIQCl; 
CeHj.NH, + HNOj = (C6H,.NHa}N03; 
CsH, . NHj + H,SO, = CsHj . NH^HSOv 

The formation of aniline hydrochloride was illustrated in 
Exp. GO, as was also the decomposition of an aniline salt by 
a caustic alkali : — 
2 (CfiH,. NHj,)Cl + Cn(OH)j = 2 CaHj.NHj -|- 2HjO + CaClj. 

Among the most interesting changes which can be effected in 
aniline is that which takes place when it is treated with nitrous 
acid (see Diazo Compounds, below). 

NoTB fOR Studekt- — What change Is iisnally effected lu amido 
compounds by treating them wltli nitrous odd? 

ToIuidineB, amido-toluenes, CoH, < 55'- — The tolui- 
dines, of which there arc three corresponding to tlie three nitro- 
toluenes, are made from the latter iu the same way that anOine 
ill aiode from niti'o-bouzeoo. As para-nitro-toluene is the beat 
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\ Imowii of the three nitro-tohieuca, so para-toliddine ja the \t& 
\ bnown of the three toluidines. 

The properties of the toluidincH saa much like those of aniUiii 
Treated with various oxidizing agents, a mLxture of anilint 
I and the toluidiuea is converted into a compound known afll 
I roaaniline. This is the mother substance of the large group of I 
I bodies known as the aniline dyes. Eoaanilioe and its derivft- 
! tives, the aniline djes, will be considered under Tri-pketiyl- 
mxtliane. (which see). 

By nitrons acid the toluidines are transformed in the same 
iray that aniline is (sec Diazo Compounds). 

The xylidines bear to the three xylenes the same relation 
that aniline bears to benzene. It is not a simple matter to get 
any oue of them in pure condition. 

DiAzo CoMPOusrs of Benzene, 
The usual acllou of nitrons acid on amido componnds is 
represented by the equation, — 

R.NHj + HNO, = E.OH + HjO + N, 

When an amido derivative of a hydrocarbon of the bcnzenAi 
series is treated with nitrous acid, and certain precautions ar»i 
taken, a product ie obtained which contiains two nitrt^B 
atoms, and which is, therefore, called a di'azo compound. 
Thus, in tlie case of aniline sulphate, the action is represented 
by the equation, — 

QHjNHj.HaSO, ^ HNOj = CUiNj.HSO, + 2 H,0. 

ADlIine (ulphnte. Dlozo-bonscDii salplwtc. 

So, also, with the nitrate we have, — 

CoHsNHs.HNOj + HNO, = CP^Nj.NOa + 2H,0. 

From these salts the diazo-benzene itself can be set fk«e by 
means of acetic acid. It has been found to have the formola 
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C,njNj(OH). This compound is, however, very nnatable, aud 
is at once decomposed. 

Exporlmcat 62. Arrange an apparatus as shown in Pig. H. In 
flask A put some coarsely-pcuvrtereil arsenic trloxldc (about 5W), and 
ttirough the runnel-tuhe pour 40" to 60" ordinary nitric acid of specific 
gravity l,3B. B is an empty cyilnder surroonded by water. Cand Z> 
are smnli flasks or about 60" capacity, in each of which sliouLd be 
bronglit 10* aiitiinc nitrate, and 12» Ico^old wat«r. 




Tbcj' arc Itept In If kiUpt. Pass a current of the osldes of nitrogpn 
iiiitli Uic material In the floslts dlssulves. Add to the solution about 
au equal voliune of nicoliol prevlousiy cooled to 0". and then a little cold 
other. II the operation lias been carried out properly, a copious pre- 
cipitate of crystaiH of dinzo-benzene itilraU is formed. Pliter ofT with 
the aid of u suctlon-piimp, aud, withunt delay, proceed to study the 
properties of tlie coinpoond. 

(a) Dissolve a little in water of the ordinary temperature, and allow 
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^^H the solution to stand. Decomiiosltlon, iitdlciLted bj thaagc of ool<w 

^^^ Will take plHOC. 

^^^B (b) Boll a little with water lu a test-tube, and notice the odor i 

^^^H pbcnol or ciirbollc acid. 

^^^P (c) Boil a fen- grama with oJcohol In a test-tube, and notice tlie od( 

^^H^ ot aldehyde. Add water, and uotice the liglit, colorless oil at the tc^ 

I of the liquid, which has the odor of 

(d) Boil some with hydrochloric acid. Chlor-beuzone Is tonaeS, 
which sinks to the bottom when water la added. 

In all these ciperimeats a gas Is evolved which can be shown 
nitrogen. Collect some, and show that It does not support corabOBtion. 

(e) Place a very little of the compound, dried liy prosBing In filter 
paper, on an anvil, and strike it sharply with a hammer. It e.xplodea. 

The above experiments serve to indicate tlie instability of 

diftzo-benzene niti'ate. This aame instability is charactcristio 

of all diazo compounds, and it is tlie ease with which Uioji 

undei'go a vai'iety of changes that makea them so valuable. 

I The principal changes are : — 

1. That illustrated in Exp. 62 (&), which is brought about 
by boiling witii water. The action is represented thus : — 

CeH^.-NOs + H,0 = C^H.-OH -f- N, -f- HNOg. 



I 



2. That illustrated In Exp. G2 (c) , which is effected by boil- 
ing with alcolwl : — 

CflHsNj.NOj + CaHflO = C.U, + C^O -J- N, + HNO,. 

Bi-nuDC. 

3. That effected by hydrochloric acid as illustrated in Exp. 
62 (d): — 

CjHjNj . NO3 + IICl = CbH,C1 + N, -^ UNO,. 

Mono-cblor-btmcnc. 

Changes similar to the last are effected by hydrobromic and 
hydriodic acids, the chief products being brom-benzene and 
iodo-benzene respectively. 

From the above it foUows that, if we have a compound con- 
taiaittg a nitro group, we can, b^ making tho diaso compound, 
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tranefoiTn it (1) into the corresponding hydroxyl derivative; 
(2) into the corresponding chlorine, bromine, or iodine deriva- 
tive ; or, (3) we can elimiQate tlie nitro group, and replace it 
\>y hydrogen. These reactions involving the use of the diazo 
compounds have been used very extensively in the investigation 
of the substitution -products of the benzene series. 

Note for Stubbkt. — How can the relation of tlie groups in di- 
nltro-benzcne be determiDed by using the dlazo reactions? 

As regards the relation of diazo-benzene to benzene, it seems 
clear, from the reactions above considered, tliat in it the phenyl 
group CqII, is present, and that this is in combination with two 
nitrogen atoms. In the compounds, the two atoms of nitrogen 
form the connecting link between the phenyl group and the 
other constituent, as expressed in the formulas 

C0II.-N3-NO3, 
CbHj-N,~OK, 
CJIs-Nj-Er, eto. 

The decomijositions nil indicatfl the correctness of this view. 
How the nitrogen atonjs are united, we do not know. 

S LI Lri IONIC Acids of Benzenk. etc. 

The methods of preparation of the sulplionie acids, and tlie 
relations of tbese acids to the hydrocarbons, were considered 
pretty fully, in connection with the paraffins. Three general 
metiiods for their preparation were given. These are ; — 

1. Oxidation of the mercaptans ; thus, ethyl-sul phonic acid 
ia formed by oxidation of ethyl-mercaptan, — 

^M CjUi-SIl -f- 3 O = CHj.SOjH. 

' - C. Treatment of a halogen sub8titution-|)ro<luct with n snl- 
pliit«. — 

C,II,Br -I- Na^Oj = C.Uj.SOjNa + NaBr. 
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3. Treatment of a hydrocarbon with sulphuric acid. ThW] 
method is iioL applicable to the parofiQns, bnt is the one i 
almost exclusively in the case of the benzene hydrocoi-boos. | 
' Benzene-sulphonic acid is formed thus : — 

CoHs + njSO, = CJIt-SOsH + HjO. 

Pol uene-snl phonic acid is formed thns : — 



The reasons for regarding the enlpUonic acids as Bulphnric 
acid in which hydroxyl is replaced by radicals, were given on 
p. 7G ; and the student \a advised to re-read carefully what 
is there said. 



Benzene-sulphonic acid, CoHeSOj[ = 



ISO, . — Thia 



HO J 

acid is made most readily by treating benzene with ordlDai^'i^ 
concentrated sulphuric acid, 

Experinieot GS. In a flask bring together about 50" benzene B 
100" concentrated sulpha ric acid (ordinary). Connect wltbitn Inverted * 
condenser (see Fig. 8, p. 70), and boll for several hours, until tba 
greater part of the benzene has passed Into solution. Poor the coa> 
tents of tlio Qasb into a large evaporating dish of a 
capacity, contaiulng 4' to 5' water. Heat gently, and add graduallj, 
atlrriiig -oie6.DVi'M\e,finfhj-powdeT(d chalk, until the solution has become 
neutral. Pass througb a muslin Alter attached to a wooden frame, and 
wash thoroughly with hot water. Afterwards refllter the filtrate 
throngh a paper filter. Evaporate to quite a small volume (say 600^ 
to 700°^) I and Alter from gypsum. In solution there is now the calcium 
salt of the snlphouk aeld. Add Just enongh of a solution of potassium 
, carbonate to precipitate exactly the calcium ; flUeroff from the calcium 
carbonate, and evaporate to dryness, finally, on the water-bath. To 
prevent caking it Is neeessary to stir the thick, syrupy mass. When It 
Is nearly dry, it Is best to powder It, and complete the drying al 100° lo 
120^ in an air-bath. The potassium salt may be used for a number of 
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Experiment 64. In a dry evaporating dieh mix ISx to ZOx potas- 
sium beuzene.Hulphonaic and an eqnal weight of plioaphorus ponta- 
chlorlde, by means of a dry pcatle. The maas becomes semi-liqoid and 
hot, and hydrochloric acid is given off, In consequence ol the action of 
the moisture of the air on the chlorides or phosphorus. Hence, the 
experiment should be performed under a hood or out of doors. The 
reaction which takes place is represented by the equation, — 

C,H, . SO,OK + PCI, = C,Ht . SOjCl + POa, + KCl. 

After the aetlon is over, and the mass cooled down to the ordinary 
temperature, add about a litre of cold water. Everything will dissolve 
except the 8 ulphon -chloride, CgHj.SOjCI, which will remain as a heavy 
oil at the bottom of tlie vessel. Pour off the greater part of the water, 
and add 30« to 40* solid ammoninm carbonate. The chloride is thus 
converted into the corresponding Bulphou-amlde, thus : -~ 

CjHj.SOp + aNH, = C,HJ.SO^NHJ-^ Nll.Ci. 
After cooling. Alter off the sntphon-amlde; wash well with cold water, 
and crystallize from water. The product cryatalllzca lu needles, fhalng 
at 153". 

Note yoR Rtudbnt. — Refer back to what was said regarding the 
acid ciilorldes and acid amides, paying particular attention to the 
general methods of preparation and tliclr decompositions. 

Experiment 65. Mix !0x potassium cyanide with an equal weight 
of dry potassium bcnzene-sulphonate, and distil [com a small retort. 
Tlie dlHtillttte ts impure phenyl cyanide, Callj.CN : — 



Coll.-, 



),^KCN= CjHb.CN-I-B 



Put the phenyl cyanide in a flaek of SOO" to TOO" capacity, and add 
300™ of a moderately strong soiutltin of potassium hydroxide In water. 
CoDuect with an inverted condenser, and boll for two or three hours. 
What is given off? Test with the nose the gases at the upper end of 
the coDdcnser-tnbe. After cooling, dilute with about an equal volume 
of water, and acidify with hyilrochtorlc acid. A solid substance is 
precipitated. Filter off, wash, and crystallize from water. It is 
beniolc acid. The reaction with caustic potash Is represented thus : — 
C.H,.CN + H,0 + KOII = C,IIs.CO^K + NH,. 
Eene-sulphonlc acid itself ia a very easily soluble sub- 
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I 

^^B Btance. It is a strong tiuid, and yields ii series of solU aw 

^^^K' other derivatives. 

^^H "When fused witli potassium liydroxide, beuzcne'Snlphome 

^^H Acid ie converted into phenol (Exp. GO, p. 370) : — 

^" CoHj.SOj; + KOH = CaH,.OH + K^O^. 

By further treatment of benzene with faming sulphuric aci4 
a benzene-disnlphonic acid is fonned. This is capable of thA 
same transformations as the mono-aulphonic acid. 

Note foh Studbnt.— By what reaction could benzeno-disolpbonk 
acidbetnnisronnedlntoUiecorrespondiDgdlcarbonicacid,C,Hj(CO,HJjI 
Suppose the product obtained were tneta-phthiillc aeld, what conclusioi 
could bo drawn with reference to the relation of ilie two sulpho groups, 
SO,H, iu the dlsulphonic ncid? 

Phenols, oh ITydroxtl Dertvatives of Benzene, etc. 

The hjdroxjl derivatives of the paraffins are called dlccAota, 
As will be remembered thej' arc of three kinds, each of i 
is characterized by ceriain properties. We have : — 

1. Primary alcohols of which ordinary ethyl alcohol is I 
commonest example, and which, when oxidized, yield aldehydes 
and then acids containing the same number of carbon atoms. 

2. Secondary alcoiwls, which by oxidation yield acetones aa$t 
then acids containing a smaller number of carbon atoms. 

3. Tertiary (dcohola, which by oxidation yield neither aide* 
bydes nor acetones, but break down at ouce, yielding acidfl' 
with a smaller number of carbou atoms. 

The primary alcohols were shown to correspond to th^ 



I 

I 






formula C ^ ; the secondary to C J ; and the tertiary ttV 

fR Lho I- ho 

C-j ; or, in other words, the primary alcohols contain the 

I. no 

group CH,.OH; the secondary, the group CIT.OIl; and the 
tertiary, the group C.OH. 
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Now, the simplest liydroxyl derivative of the memljerB of 
the benzene series is phenol, CqHs.OII, or benzene in which one 
hydrogen is replaced by hydroxyl. Representing this com- 
jxmnd ill t«rms of the accepted benzene hypothesis, we have 



the formula 



OH 



H 



According to this, phenol appears to be allied to the tertiary 
alcohols, aa it contains the group C.OH, and notCH^H nor 
CH.OH. Wo shall see that, in fact, phenol conducts itself 
towards oxidizing agents liie the tertiary alcohols. 

All eonapounds which contain hydroxyl in the place of the 
benzene-hydrogen atoms of benzene and its homoli^ues are 
called pkenoU. As in the case of alcohols, there are phenols 
containing one hydroxy!, or mon-acid phenols ; those containing 
two hydrosyls, or di-add phenols ; those containing three hy- 
droxyls, or tri-ofid plienola, etc Some of these are familiar 
substances. 

Mou-AciD Phenols. 

Phenol, carbolic acid, C6H„0(= CiEiOH). — Phenol is 
found in nature in small quantities in the urine. It is formed 
by the distillation of wood, coal, and Ijones. Hence, it is a 
constituent of coal tar, and from this it is prepared. For this 
purpose the heavj/ oil (see p. 231) is treated with an alkali 
wliich dissolves the phenol. From tlie solution it is precipitated 
by hydrochloric acid. It is purified by distillation. 

Phenol may also lie made by converting nitro-benzene into 
aniline; then into diazo -benzene, and boiling this with water 
(see Kxp. C2 (6)) ; and by melting benzene-sulphonic acid 
with potassium hydroxide. 



I 
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Experiment 66> In a, silver (or iron) crucible, or er^ranttlDg 
cUfili, melt tCK to 5CK potaaalum Iijdroxlde, after adding a. few coble 
eentimetrea or ivati;r. Now add gradually IW finely-powdered potaa- 
Binm benzene-sulphonate, obtained In Exp. G3, sttrriug confltontlj with 
a silver (or Iron) spatula. Do not heat to a very higb temperature. 
After the mass bas been kept in a state of fusion for one-quarter to 
one-hair an hour, let it cool. Dissolve In 200™ to 250" water, aud 
acldliy with hydrochloric acid. Notice the odor of the gasea given 
otr. What gas do you detect? When the liquid has cooled down, 
extract with ether in a glass-stoppered cylinder. From the ether 
extract distil the ether on a water-bath. The residue is impure pbcnol, 
which may be detected by the following reactions, for wbicb a solutloii 
In water should tie prepared: — 

(a) A few drops of ferric chloride solution gives a beautiful violol 

(6) Add one-fourth volume of ammonia, and then a few drops of 
a dilute solution of bleacliing powder. A blue color Is produced. 

(e) Bromluc water gives a yell owL=^h- white precipitate of trl-bronv 
phenoL 

The reaction which takes place in melting potaBsium hydrox-i 
ide and potassium beozene-sulphouate tt^ether is representcdj 
by the equation, — 

C0H1.SO3K -I- KOII = CeHj.OH + KSOi. 
It effects the repl.icemont of tlie au][)ho group, SOjH, bj 
hydroxyl. 

Phenol, when pure, crystallizes in beautiful oolorlefta rhonibiil 
needles. The presence of a little water prevents it from solidi- 
fying. It has a peculiar, penetrating odor; boils at 180°; is 
difBcnltly soluble in water (1 part io 15 parts water at ordinary 
temperature); mixes with alcohol aud ether in all proix>rtioiis j 
and ia poisonous. 

Phenol forms compounds with several metals. Among theaft 
may be mentioned the following : — 

Potassium ji/ieno^a/e, Cglls .OK, made by diaaotving potassiiim 
ia phenol, and by treatiug phenol with caustic potash. 

Barmw, phenokiic, (C(|HBO)iBa + 2 H^O, made by dissolving 
phenol ia b.tryta water, 
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Lead oxide jj/icjioZ, CJIcO. PbO, made by dissolviug Jcari 
oxide in phenol. 

It oiso forms ethers, of wbieh tlio methyl and diphenyl ethers 
may serve as examples : — - 

Methyl-phenyl ether, C,H,of= ^^>oY — This sub- 
stance, also called iinisol, is obtained from anisic acid and from 
oil of winter-green by boiling with baryta water. It is made 
also by treating potassium pbenolate, CoHjOK, with methyl 
iodide : — _ 

CflHsOK -1- CH3I = ™*>0 + KI. 

It is a liquid of a pleasant odor. 

NOTB Fon Student.— Compare this snbataiico nitli ordinary ether. 
What method analogoas to that above meationed may be used in the 
preparation ot ordliinry ether? 



Diphenyl ether, C„H,oO[= Ji»='>0). — This bears to 



phenol the same relation that ordinary ether bears to alcohol. 

With acids, phenol, like the alcohols, yields ethereal salts in 
which the phenyl group, CoH,, toies the place of a metal. 
Among the compounds of this class which phenol forms with 
organic acids, the following may be mentioned; — 

Phenyl acetate, aH,0,(=CH3.C0,.C,a,).— This is formed 

by treating phenol with acetyl chloride. 

NOTK FOR STPDF.SiT. — What use Is acetyl chloride pat to aa a re- 
agent In organic chemistry? Explain Its nse. What conchislon may 
be drawn from the fact tliat acetyl chloride acta upon phenol, replacing 
one liydrogen by acetyl, C,HjO? 

SubatihiHon-producta of plieaol. Phenol is very suaceptiblc 
to the action of various reagents, and a large number of substi- 
tution-proflncts have been made from it. 

The case with which bromine acts upou it was illustrated in 
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Exp. 66 (o). It was showu that, by the addition of bromine 
. water to the water solution of phenol, tri-brom -phenol is formed. 

Dilute nitric acid acts upon phenol, yielding two mono-nitro- 
phenols, C^liA j^„', one of which has been shown to belong to 
the ortho series, the other to the para series. 

Bxperlment 67. Add 20b phenol to a mixture of 80« water and 
40™ ordinary contcntrated nitric aeid (sp. gr. 1.3i). Stir, and, after a 
time, pour olTtlie dilute acid from the oil, Wasli with water, and then 
put it into a flask, with abont a litre of water, arranged as shown in 
Fig. IE, Flask A holds nothing but water; while the oil, together wllh 




Fig. 15. 

water, are In B. From A a current of steam Is passed Into B. which 
is heated by means of a lamp. Yellow cry.stala pass over and appev 
In the receiver, while a non-volatile substance remalna behind li 
B. The volatile BUbstauce is ortho-nltro-phcnol ; the non-volatile la 

para-nltro-phcnol. 



Tri-nitro-phenol, picric acid, C„H;.NjOj( = C„H 



I OH 



I This is formed very easily by the action of strong nitric aeid a 
phenol. 

Experiment 68< Dissolve IDE to 16( phenol lu weak nitric aclil,J 
Mttd to this snlatlon slowljr add same strong nitric acid. Afterward 
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dilute with water; Qlter off the picric acid, BXiA wash. DIshoIvc 
in (lllnte potosslnm carbonate solution, and evaporate to crystalliza- 
tion. 

Picric acid forme yellow crystals, has a very bitter taste, 
is poisonous, decomposes with explosion when heated rapidly. 
It dyes wool and silfc yellow. 

Note ifon Student. — la there any analogy between tri-nltro- 
phenol and tri-nltro- glycerin? What is the essential dlfibrence be- 
tween ihem? 

One of the most interosting properties of tri-nitro-phenol is 
its power to form salts. It acta like a strong acid. It will 
thus be seen, that, while tlie substance CaHj .OH has only very 
alight acid properties, the same substance, with three of ite 
hydrogens replaced by nitro groups, C8H2(N03)3.0H, has 
strong acid properties. In the salte, wliich have the general 
formula C»H,(N0j)a . OM, the metals replace the hydrogen of 
the hydroxyl. Among them may be mentioned the potassium 
salt which was obtained in Exp. C8 ; this exjilodes when heated 
and when struck. Ammonium picrate, CBHa(NOj)3.0NH4, is 
used as a constituent of explosives. 

Phenyl bydrosulphide. > 
Ifae same relation to plienol that mercaptan bears to alcohol. 
It may be made by reducing benzene-sniphonic acid. This 
redudJon is effected by first making the snlphon -chloride, 
CfHi.SOgCl, (Exp. 64), and then treating this with nascent 
hydn^n. 

Note for Sti^dknt, — What is the effect of oildUing the mercap- 



It may be made, also, by treating phenol with phosphorus 
pentasulphide, the cfTect of tbis reagent being to replace oxy- 
gen by sulphur. 



N 
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NOTB FOR Studbnt. — What analogy \b there between the ftction of 
I phosphorus peDtachloride and of phosphorus pentasulphlde on com- 
I poutids containing osygen? 

Phenyl mercaptau is a liquid, with a very disagreeftlile 
I odor. With mercuric oxide it forms a crystallized com- 
ponnd, (CuHjS).Hg. 

CreBols, C,H„of=CBH.<QS']. — There are three cresoU, 
or hydioxyl derivatives of toluene, of the formula CjII, < '. 
They are all found in coal tar, and the tare from pine and beecli 
wood. When mixed together, it is difficult to separate them. 
To obtain tlicra in pure condition, it is therefore best to make 
them from t^e three toluidines, or from the three aulpbouic acidB 
of toluene. 

NoTK POR STtTDBNT. — Give the equations representing the reactloas 
Involved In passing from the three tolniilines to tbe cresols, and from 
the three tolnene-snlphonlc acids to the creaolH. 

The cresols resemble phenol very closely. 



Oreoaote is a mixture of cbemicat compounds contained in 
wood tar. It contains the cresols. Coal-tar creosote conaists 
largely of phenol. 

Thymol, propyl-meta-cresol, C,oH,.0( = 03.1 OHWLl 

This phenol is contained in oil of thjTne, together with cyniene. 
It forms lai^e raonoclinic crystals, which melt at 50°. It has a 
pleasant odor, lite that of the oil of thyme. Treated with phoa- 
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brdmiyl la in the meta position 
po^lloB lo mctbyl (p). For 1 


(m) u. mrthjl; while Ihe 


propj-l i> Id th 


be died. Thus, the three Ml 
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phorUB pentoxide, it jioldH meta-creaol ; while, when treated 
with phoaphoruB pentasiilphide, it yielda cymene. These two 
reactions indicate that tlie groups contaiued in thjmol Ijoar to 
each other the relations indicated by the formula given above. 
It is one of the two theoretically possible hydroxyl derivatives. 
The other one, carvacrol. has the hydroxyl in the ortho position 
relatively to methyl. It has been made from the corresponding 
cymene-Bulphonie acid ; is found in nature in the ethereal oil 
of Origanum hirtum; and may be made from carvol, or the oil 
of caraway. 

Di-ACLD Phenols. 
The three theoretically possible di -hydroxyl benzenes, 
CjII, <_^, are all well known. 

Pyrocatechin, •. ^ „ ^ f ^ q g ^ OH \ 

Ortho-di-hydroxy-benzerie, > '' '\ * ' OH(o>/' 
This substance is a frequent pi'otluct of the dry distillation of 
natural substances, — as of catechu, morintannic acid, et«., — 
and of the melting of resins with caustic potash. It may be 
made by melting ortho-iodo- phenol or ortho-phenol-sulphonic 
acid with caustic potash. It forms ci^stals, which melt at 
104°. It is easily soluble iu water, alcohol, and ether. 

The dilute solution in water gives with ferric chloride a 
darlc-greeu color, which becomes violet on the addition of a 
little sodium carbonate. 

Hesorcin, > ^ „ q ("= o H. < ^^ \ 

Meta-di-h;drozy-beiizeiie, I " "V ° OHimjr 

Resorciu is formed by the melting of a. number of resins with 

caustic potash, as of galbauum, sagapenum, usafa'tida, etc. 

It is made, also, by melting meta-iodo-pheuol or meta-benzene- 

disulpbonic acid with caustic jxitnsh. 

It crystallizes from water, usually in thick rhouibic prisms. 

Melting-point, 110°. 



I 



376 DEEIVATIVES OF THE BENZENE SERIES. 



"With ferric chloride, the water solution gives a dark purple 
color. Heated for a few minuteB with pbthalic acid in a test- 
tube, a yellowisb-red moss is formed. When this is added 
to dilute caustic soda, a wonderfully fluorescent aolntion is 
obtained. The explanation of this reaction will be given 
under the head of Tri-phenyl-methane, whea the phthaleins 
will be considered. 

Kesorcin is used largely in the manufacture of certain dyes, 
and is therefore manufactured on the lai^e scale. 

comiHtuud is formed by the action of nitric acid on resorcin, 
and on those reains which give reaorcin when treated with 
caustic potash. It closely resembles picric acid. Heated 
with bromine and acetic acid, it yields the substance known 
as brompicrin, which has tlie formula C(NO,)Bra. 

Eydroquinone, i _ „ . / -, _ OH \ 

Para-di-hydroxy-bsnzene, i ^*°*^\ '^■^ "^ OHip)/' 
Hydmquinono is formed by the dry distillation of tjuinic aeid| I 
by reduction of quiuone (which see), by the action of chromie J 
acid on aniline, by melting para-iodo-phcnol, etc. 

It is a crj'stallized substance which melts at 169°; easQy I 
soluble in alcohol, ether, aud hot water. 

Oxidizing agents, such as ferric chloride, chlorine, etc., con- i 
rert it ink) quinone. 



I It would lead us too fur to consider here the reactions which I 
iiave been made use of for the purpose of determining to whioK I 
series each of the three di-hydroxy -benzene a belongs. Tho I 
principle involved, however, is simple. Eitlier these subetanceal 
must be converted, direetl.y or indirectly, into others, in regardl 
to the relation of whose groups we have evidence ; or sub-V 
stances, the relation of whose groups is known, must be COOi| 
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verted into the di-hydroxy -benzenes. The reactions made use 
of for effecting the couversions are mainly those which have 
already been considered ; viz., the formatiou of amido com- 
poimds from nitro com[Kmuds by reduction ; the formation of 
diazo com|>oundB from amido compounds ; the formation of 
(1) hydroxyl derivatives, (2) chlorine, bromine, or iodine de- 
rivatives, from the diazo compounds ; and the foi-mation of 
hydrosyl derivatives from sulphonic acids. 



0,H,0, ..O.H. -"IJ.-Theve 



Di-hy'droijr- toluene, 1 °'^°' [' °* 1 (OHI,; 
are three dye-stuffs, known as archil, cudbear, and litfiius, which 
are made from different lichens by esposiug them in powdered 
condition in ammouiacai solution to the action of air. They 
are treated with deooreiposing urine, from which the ammonia 
is obtained. Archil contains a substance called orcein, which 
may be made iVom orcin by treating it with ammonia. Orcin 
is contained in several lichens. It is formed, also, by melting 
aloes with caustic potash, aud by melting chlor-tolueue- sulpho- 
nic acid with caustic potash. The last reaction shows that 
orciu is a di-hydroxy-tfjlueue. 

Orcin crystallizes in large, colorless, moDoclinic prisme. 
Turns red in the air. Ferric chloride turns the aqueous 
solution deep violet. 

Treated with ammonia in moist air, it is converted into 
orcein, C7H,N03, a substance which dissolves in alkalies, 
fonuiug beautiful red solutions. 

Orcin is manufactured on the large scale, and then con- 
verted into orcein, which is used as a dye. 



^^&rro( 



Tni-ACiii Phenols. 
igallol, pyrogallic acid, i 



Tri-hydroxy-benzene, ' ' ^^ 

I'yrogallic acid is formed by dry distillation of gallic acid, the 
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reaction being annlogotiB to that by wliicli henzenc is pi 
by distillation of benzoic acid: — 

CbHj .CO5H = CA + C'Oj ; 

•^'^4 nn^' = C.H,(OH). + CO,. 

QoJTlc ncld. 

It is formed also when one of the chlor- phenol -sulpb on ic acidl 

is melted witJi caustic potash : — 

("« KOTT (™ 

' " ,= C.H, j OH + KCl + K^O,. 



(S0.K 

FDlKMiom chlor-phen 



KOII 

KOH- — (yjj 

I- PyrogaJIol. 



It crystallizes in lamina or needles ; melts at 115° ; is easily 
Boluble in water, ether, and alcohol. In alkaline solution it | 
absorbs oxygen rapidly and beeomes brown. On account (d ' 
this power to absorb oxj'gen it is used in gas analysia. It is ' 
poisonous. 

With a solution containing a ferrous and a fenic salt it gives 
ft bine color. 

Most of the phenols give color reactions with ferric chloride, 
and most of them change color in the air. These changes in 
color are undoubtedly due to the action of oxygen upon them. 
Towards oxidizing agents they are all unstable, most of them 
breaking down readily and yielding as the chief product of 
oxidation, carbon dioxide. In general, the laiger the numlier 
of hydroxy! groups contained in a phenol the less stable it is. 
We shall see that these same stat^mcuts hold good for the 
hydroxy-acida of the benzene group, of which gallic acid and 
salicylic acid are examples. 



Ai.c. 



i OF THE Benzene Series. 



The phenols are those hydroxyl derivatives of the benzene 
hydrocarbons, which contain the hydroxyl in the place of one 
f- Or more of the six benzene hydrogens. But just aa there are 
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two classes of halogen aubstitation-products of tolaene, in one 
of wbieb tbe substitution lias taken place in the benzene 
residue, and in Ihe other iu the marsh-gas residue, as indicated 
in the two Ibrmiilaa, — 

CbH^CI.CHj and CflHs.CH/a, 
so, also, there are two classes of liydroxyl derivatives: (1) the 
phenols, and (2) those in which tlie hydroxyl is in the marsh- 
gas residue. The simplest example of the second class corre- 
sponds to tbe fonnula, CoIIj.CIIj.OH. It is isomeric with the 
cresols, C'gHi.OH.CHj, and haa entirely different properties. 
While the cresols are the true homolognes of phenol, the new 
substance is really methyl alcohol iu which one of the hydrt^ens 
of the methyl has been replaced by phenyl, CgHj. It may 

be represented by the fonnula, C j „ , when its analogy to 

I CU, '- Oil 

ethyl alcohol, C \ , is at once apparent. 

'■on 

Benzyl alcohol, C,K,OC= CbH-CH^OH).— Benzyl alcohol 

or jthenyl carhinol is found in nature in the balsams of Peru 
and Toln, and in storax. In these eubb^tances it is, for the 
most part, in combination with benzoic or ciunamic acid. It is 
made by treating Ihe oil of bitter almonds, which is the corre- 
sponding aldehyde, with nascent hydrogen : — 

C„H,.CIIO + Ha = CaHj.CHa.OH. 

on nf bille r alinondB. Bcnzf 1 alcohot. 

It is also made by replacing the chlorine in benzyl chloriile, 
C^Ij.CHjCl, by hydroxyl, just as methyl alcohol is made from 
nietbyl chloride by a similar replacement. In the case of 
benzyl chloride it may be effected even by boiling for a long 
time with water : — 

tVIj.CII-C! + 11,0 = CoHi-CH^OH + HCl. 
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liquid with a pleasaut odor. It boils t 



Benzyl alcohol is a 
206.6°. 

'OTE FOR Student. — Notice the great difference between the b 
Ing-point of methyl alcoliol aud phenyl-metliyl iiluabol. 

Oxidizing agents convert the alcohol, first, into the oil ( 
bitter almonds or benzoic aldehyde, and finally into benzoic ^ 
aeid. The relations between the three sulistancea ; 
those between any primary alcohol and the corresponding aide- I 
hjde and acid, as shown by the formulas, — 

CHbO, C,H,0, QHgO,, 

or CgHi .CHsOH ; or CoIIj .CHO ; or C.Hj .CO,H. 

BeoE)! alcofaol. BoaEOli^ aldefayde. BtutoJt Held. 

Hydriodic acid converts benzyl alcohol into toluene : — 
CoHj.CHsOn + 2HI = C„H,.CH3 + H^O + 21. 

Benzyl alcohol conducts itself, in most respects, like the 
primary alcohols of the methyl alcohol series. A large number 
of its derivatives have been made and studied. Among them 
are eihereal aatta, of which benzyl acetate, CH3 .CO.OC7H,. and 
bennyl nitrate, NOi.OC;Hj, may serve as examples; ethers, of 
which the methifl ether, CgH,.CHj.O.CH„ and the phenyl ether, 
CjHs.CHj.OCjHj, are good examples ; and atibstUulion-producU, 
ot whioh chlor-benegl alcohol, CbH,CI -CHaOH, and nitro-bem^ 
alcohol, C(H^{NO,).CH,OH, are examples. 

These substitution -prod nets are not made by direct treatment 
of the alcohol with the substituting agents, but by starting &om 
the corresponding substituted toluene. Thus, chlor-benzyl 
alcohol is made from ehlor-toluene, CoH,CI.CHai by first con- 
vertiag this into chlor-benzyl chloride, QUiCl.CIIjCl. and then 
replacing the chlorine of the group CHgCl by hydroxyl. By 
oxidation lie substituted benzyl alcohols yield the correspond- 
ing eubslituled benzoic acids : — 

C^.C1.CH,0H + 0; = C„H,C1.C0»H + H»0. 
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Very few of the aJeoholB analogous to benzyl alcohol have 
been prepared. Plainly, the horaologuca may be of two kinds : 

1. Those which are phenyl derivatives of the alcohols of the 
methyl alcohol series. Of this class, phenyl-ethyl alcohol, 
C,H,.CH,.CHaOH, the isomeric substance CVH^.CH .OH. CHj, 
and phenyl-propyl alcohol, CnHj.CHa.CHj.CHjOH, are ex- 
amples. Fbenyl-propyl alcohol is of special interest on 
account of its connection with cinnamic acid (which see) , 
which lias come into prominence since it has been shown to be 
closely related to the interesting bodies of the indigo group. 
It occurs in storax in the form of an ethereal salt, which will 
be 8)wken of more fully under the head of Cinnamic Acid. 

2. Those which are derivatives of xylene, mesitylene, etc., 
in the same sense as benzyl alcohol is a derivative of toluene. 
The following belong to this class : — 

Tolylcarbbol .... C,H,<™>|^jj, 

and Cuminyl alcobi)l .... CoH^ < - , 

which is made from cuminol, an aldehyde found in the oil of 
caraway. 

Aldehydes of the Benzene Sebies. 

The aldehydes of this group are closely related to the alco- 
hols just considered. The simplest one is the oil of bitter 
almonds, or benzoic aldehyde, CrHgO. 

OU of bitter •l»<.='i».lo,H.O(=Oa.OHO).-Thi,,..b- 

Benzoic aldehyde, > 
stance occurs in combination in amygdalin, which is found in 
bitter almonds, laurel leaves, cherry kernels, etc. AmygdnUn 
belongs to the class of bodies known as glucosid^ii, which break 
up into a glucose and other substances. Amygdalin itself, 
under the influence of emulsiu, which occurs with it in the 
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plants, breaks up into benzoic aldehyde, hydrocyanic acid, . 
dextrose : — 



C„,H^NO„ + : 



HjO - C,H«0 + CNH + 2 C^Ji,. 

Benioio nldohrde. Deitnwe. 



Benzoic aldehyde may bo made ; 

1, By oxidizing benzyl alcohol : — 

CflHj.CHsOH + = CbHsCIIO + HjO. 

2, By distilhng a mixture of calcium beiizoate auil calcium J 
formate : — 



QHs.COlOMl 
H.lCOOMl ' 



C(H,.CHO +M,CO,. 



3, By treating benzoyl chloride, the chloride of benzoic acid,, 
with nascent hydrogen : — 

CjHj.COCl + Ha = CJI^.CHO + HCl. 

4. By treating benzal chloride with water or mercm^c oxide ; — 

CgHs-CHCli + H,0 = CaHj.CHO + 2 HCl. 

Note fok Stdoent. — Befcrto the general method h fortLo prepani' 
Uon of aldflifdes. Which of the above reactions are used for the 
preparation of aldehydes In general? Which or the rcactione throw 
light upon the natnre of oldehydos, and their relation to alcohols? 

Benzoic aldehyde is prepared either from bitter almonds, 
which yield about 1.5 to 2 per cent; or from benzal chloride, 
according to reaction 4, above given. The latter method a 
I employed in the artificial preparation of indigo. 
\ Benzoic aldehyde ia a liquid having a pleasant characteristio 
I odor. It boils at 179°; is difficultly soluble in water; is not 
[ poisouons. 

I It unites with oxygen to form benzoic acid ; with hydn^ea 
I to form benzyl alcohol ; with hydri^en sulphide, ammonia, 
[ ammoniiim sulphicle, alcohols, acids, anhydrides, and ketones. 
I iio short, its powers of combination with other eubetances an 
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almost wnlimited. Hence, a very large number of derivativea 
are kuowD. 

Cuminic aldehyde, cuminol, C,oHi,of = C^, < ^^ ). 
This flldeliyde occurs iu oil of caraway, from wliicli it ia made. 
It IB a liquid with the odor of the oil of cariiwaj, Ita ruactiona 
are like tboae of benzoic aldehyde. 



■k Acids of the Bbkzene Series. 

The aiinpleat of these acids haa been referred to repeatedly. 
It ia benzoic acid, which bears to benzeue the same relation 
that acetic acid beara to marsh gas. It is the carboxyl deriva- 
tive of benzene. Tlie homologous acids are the carboxyl 
derivatives of the homologous hydrocarbons. We shall And 
mono-basic, bi -basic, ti'i-baaic, and even hexa-baaic acids, 
though the number of acids actually known ia small. 



Monobasic Acids, C„Hj„.,0,. 

Benzoic acid, CvH,0,C= 0^,-003).— Benzoic acid occurs 
in gntu benzoin, in the balsams of Peru and Toln, and in 
combination witli amido-acctic acid or gijcin in the urine of 
herbivorous animals. It may lie made in many ways, the most 
important of which are stated below : — 

1. By oxidation of benzyl alcohol or any alcohol which is a 
phenyl derivative of an alcohol of the methyl alcohol aeries. 
The common condition in all these alcohols is the presence of 
the difficultly oxidizable reaidiie, Callj, in combination with an 
easily osidizablc residue of an alcohol of the marah-gaa series : — 

C«H5 .CHjOH gives C.IIj .CO^ ; 

CeH, .Cn, ,Cir.OH ' ■ CJI. .CO,II ; 

Cyi,.(;H(.CH,.CH,OH " CflHj.COiH, etc. 
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I 

^^H - 2. By oxidation of benzoic aldehyde, and tbe aldohydes 

^^B the other akohoU referred to in the preceding paragraph. 
^^H 3. By oxidation of all benzene hydrocarbons whieli contaiit 
^^H bnt one residue of the marsh-gas series. Attention has already 

^^H been called to this fact (see p. 246). 
^^H 4. By treating cyau-beuzeue (phenyl cyanide, bcnzD-nitrile} 

^^P with a caustic alkali (see Exp. 65, p. 267) 

I 



CoHjCN + KOH + H,0 = CoHs-CO^K + NH3. 

. By treating benzene with carlwnyl chloride in the presenco 
of aluminium chloride : — 

C,Hb + COCl, = CaH..COCl + HCI ; 

CaHs.COCl + HjO = C^,.COjp 4- HCI. 

A reaction similar to this is of extensive application in the 
preparation of some hydrocarbons. It will be spoken of more 
fully under the Lead of Tri -phenyl -methane. 

6. By treating benzene with carbon dioxide In the presence 
of aluminium chloride : — 

CMt+ CO, = CaH,.CO,H. 

This and the preceding methods are of special interest from the 
scientific stand-point, for the reason that they clearly show the 
relation which exists between benzoic acid, on the one liand, 
and benzene and carbonic acid, on the other. 

Note yoR Stitdbnt. — Which of the metlioda above given are of 
general application for the preparatiou of tlie acids of carbon? 

Benzoic acid is prepared on the large scale: (1) from 
benzoin by sublimation; (2) from the urine of horses anj 
cows by treating the hippuric acid with hydrochloric aeid{ 
(3) fi-om toluene, best, by converting it into benzyl chloride,' 
and oxidizing this with dilute nitric acid. 
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ume. Add hydrocMoric acid. On cooling, hippiirlc acid will be 
deposited. Hecry stall iy.e this several times from dilute nitric actd. 
Boll tlie liippuric acid for about a quarter of au hour with ordiuar; 
concentrated hydrochloric acid. By tills means the lilppiiric add Ib 
dtcoiupoaed, yielding g]ji:in(araldo-acetic acid) and beuzoic acid: — 

C^NO, + 11,0 = 0,11.0, + CH,<'^'^ 
Hippurlc acid. BomdIe acid aYl 

Benzoic acid forms lustrous lamiufe or needles, which melt 
at 121°. 

Kxperiment 70. Compare the melting-points of the two speci- 
mens of benzoic aciU ivhich have been made: (1) from phenyl 
cyanide (Exp. 65), and (2) from urlue. If tlicy are not the same, 
recrystalUze the specimens from water nnttl the melting-points are 
not changed by further crystallization. Those speclmeHS which are 
least pure may be purlSed by recryBtalllzIug tbom from dilute nitric 

The acid ia comparatively easily solable in hot water, but 
difficultly soluble in cold water. It is volatile with water 

Experiment 71. Put some Id a. one-litre flask, with ahont 700™ to 
800™ water. Connect with a condenser, and boil down to about 200". 
Neutralise the distillate with ammonia, and evaporate down to a small 
volume. Acidify, when benzoic acid will be thrown down. 



Its vaijor acta upon the mucous membrane of the respiratory 
— "- — -i, producing eoughiug. 



It sublimes very easily. 



Experiment 72. Put some dry benzoic acid In a small, dry crystal- 
lizing dlBli, and put the dish in a sand-bath. Over the montli of the 
dish put a paper cone made fWim filter-paper, arranged as sliown In 
Fig. IG. Heat with a small flame. The benzoic acid will be deposited 
on the paper In beautiful Inatrous needles. 

Or another form of apparatus, which is useful for subliming small 
luantltles of substance, consists, essentially, of two w.itch-glasses 
which arc of exactly the stinie ske. Tlie edges of the glasses are 
ground to secure a good Joint when they are brought together 




fiwntly, when the siibHtiLnce will slowly pass through tlic paper and 
appL-itr Id cryxuls in the upper watch-glass It is huU tu keep a small 
padormolBtflltcr-papci'on tlio upper glass during tbe opgrallon. 

^ Wlicn tiuatcd with limCi beiizoic acid bicukH up iuto benzeue 
3 ctiflwii dioxide (see Exp. 55) : — 

CVIIA = CbH. + CO.. 

With awilinn iiniiilKitin, it yields benzyl alcoliol and other r«dtic- 
(Iikti-priMlui'ta, With hydriodic acid, it yields tolueiic, suid then 
hydixiKOli mid i I Iiiii- products of toluene. 
A iiront ninny derivatives of lieuxoic acid aro known. 
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Nearly all its salts are eoluble \a water. 
Tlie ctliercal salts may be matle by utij' of the general 
methods already described. 

No 

ratlmi 

Experiment 73. DisBolve 40« beuiolc acid in 160™ absolute alco- 
]in1. Pass dry hydrochloric acid gas Into tile solution, keeping the 
latter cool by Burronnding It with water. When the aolntlon is 
xaturated with hydrochloric acid, connect the flask with an inverted 
condenser, and warm gently on a water-bath for half an hour. Now 
add three or four volumes of water, when ethyl benionte will separate 
as an oil. Wasli with water and a little sodinm carbonate ; and, flnatly. 

Benzoyl chloride, C«Hi.COCl, and bromide, C„Us.COBr, 
are made from benzoic acid in the same way that acetyl chlo- 
ride is made from acetic acid. They are more stable than the 
correetwiidiiig compounds of the fatty acids, but in general 
undei'go the same kinds of ciiange. 

Benzoyl cyanide, CaHi.CO.GN, is made by distilling mer- 
curic cyanide and benzoyl chloride : — 

2 CHj.COCl + ng(CN), = 2 C,H,.COCN + HgCl,. 

The cyanogen can bo converted into cnrhoxyl, and thus an 
acid of the formula CgHj.CO.COjH obtained. This is known 
sa bemoyl-formic acid. It is of interest, for the reason that 
one of its derivatives is also a derivative of indigo (sec 
Isatinc). 

SubMitiirion-l'rofiiicIs of Benzoic AtM. 
Dcnzoic acid readily yields Bnbutituti on -products when treated 
with the IialogcnB, nitric acid, and sulphuric acid. The pixiducts 
obtained by direct substitution mostly belong to the nieta series. 
Tlius. when chlorine acts upon benzoic acid, the main product 
U meta-chlor-benzoic acid; nitric acid gives mainly meta-mfro- 
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hensoic acid; and 8Qli;)lmric acid gives mainly meta-sulpkn-ben- 
oic acid. 

Note for SriinEST. — Compare tliia with the result of the direA 

totion of the earae reagents on toluene, What are the flrst producti 

I of the action of Dltric aud sulphuric acids on tolneoe? 

SubBtituted benzoic ncids may be made, also, by oxidixin^ 
I the coiTesponding substituted toluenes. Thus, chlor-tolueM 
\ gives chlor-benzoic acid ; nitro-toluenc gives nilro-benzoic-acidj 
' etc. : — 

CflH^Cl.CHa gives CaH.Cl.CO.H; 

CbHi(N02)CHi " C„H4(N0,)C0jH. 

The three nitro-bennoic adds and the corresponding am\d(^ 
henioic acids may serve as examples of tiie mouu-sulist^tutioD 
-products. 



Ortho-nitro-benzoic acid, CvHjNO, 



I 



Ortho-iiitro -ben zoic acid is formed, together with a large qa&a- 
tity of the meta acid and some of the para acid, by t 
benzoic .icid with nitric acid, by oxidizing ortbo-nitro-tohien* 
with potassium permanganate, and by oxidizing ortbo-Ditro- 
ciunamic acid. It crystallizes in needles, melts at 147°, ftod 
has an intensely sweet taste. 

Meta-nitro-benzoic acid, CoHj < -^J , is the chief priNl- 
tict of the action of nitric acid on benzoic acid. It crystallizes 
in laminie, or plates, aud melt^ at 140° to 141°. 

Para-nitro-benzoic acid, CoH, < j, J" , is prepared best 
by oxidizing ])ara-nitro-tobienc. It crystallizca in laminie, 
melta at 238°, and is much less easily soluble in water than 
the ortho and mcta acids. 

Tie determinatioii of the scries to which these three acids 



belong ia effected by traosformiiig them into the amido-acids ; 
and these, through the diazo compounds, into the corresponding 

hydi'oxy-acida of the formula C,H. < ^. 

Note for Stuoknt. — Give the eqimtlons representing tiic action 
involveil in passing from toiuenc to ortito-hydroxy-benzoic acid (sali- 
cjllc acid) by the method above referred to. 

In a similar way, lines of connection can be established 
between the three hydrosy-acids and the chlor-, brom-, and 
iodo-benzoie acids, 

NoTB FOR SxiniENT. — Wliat are the reactions? 

The three hydroxy-acide, on the other hand, have been made 
by methods which connect them directly with the three bibasic 

from the thi-ee xylenes. 



Ortho-amido-benzoic acid, \Q-a jtq I q -g- ^ COaH '\ 

ADtbra,nilic acid, i ' ' \ NH^Co)/' 

This acid is made by reducing orthn-nitro-benzoic acid with 
tin and hydrochloric acid, and by Itoiling indigo with caustic 
[wtash. It has already been stated that indigo yields aniline. 
Nfw, as ortho -ami do-hen zoic acid is also obtained, and this 
breaks up easily into aniline and carbon dioxide, 

C^* < ™^ = CbH, . NHs + CO,, 

it seems probable that tlie aniline ia .1 secondary product. 

Isatine, CHjNo/- CcH,<^°>O.Oh). — Isnline is ob- 
tained by the oxidation of indigo, and from ortho-amido- 
benzoic acid as follows : — 

The amido-acid is converted into the chloride, the chloride 
into tlie cyanide, and this into the corresiwuding carl:)Oxj-l 
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derivative, which is the ortUo-amido derivative of beDzoyl- I 
formic aeid. The ortho-amido-benzoyl- formic acid thus o^>| 
tained loaea water, and ia convei'ted into isatine. The chatifi 
represented by these equations : — 



NB.lo) 



NHsf") 



^COCN 



+ AgCl; 



^COCOOH 



CO.COOH 



+ NHj; 



unaO'aRili]D-bBD£Of] 

. C.H,<™>C.OII + HA 



^ 



The formula given for isatine represents it as an anhy- 
dride of ortho-amido-benzoyl-formic acid, the water which 18 
giyea off being supiwaed to be formed by a tinioa of tiwl 
two hydrogens of the amido group and an oxygen of oar- ■ 
bonyl. The formation of iinhydridea of aromatic acide is 
a chaiactci-istic of ortfao compounds. Neither the raeta nor 
para eompounda give up water. We shall find that this fact is 
illustrated in the case of the bibnaic acids, the only oae which 

yields an anhydride being ortho-phthalic acid, CjH, <_,„^„, , 
CO (,ouH(o) 

which gives phthalic anhydride, CjH, < > 0. This ready 
formation of anhydrides from ortho compounds, talcen together 
with the fact that the meta and para eompoimds do not yield 
nnhydrides, has been regarded as an argument in favor of the 
view that in the ortho compounds the two substituting groups 
are actually nearer together than in the meta and para com- 
pounds. 

The relation of isatine to indigo will be considered briefly 
vtidea- tJic head of Indigo. 
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Meta- and Para-ami do-benzoic acids nro maclc from the 
corresponding nitro acids lij reduction. 

Hip pur ic acid, benzoyl-ami do -acetic acid, 

c;b;jsoa= c«H:-conh.cHjCOjH). 

Hippiiric acid, as has already been seen (Exp. G9), occurs in 
the urine of herbivorous animals, as the cow, horse, camel, and 
eheep. Some hippuric acid is found in human uriue under 
ordinary circumstances. If benzoic acicl be taken with the 
food, it appears aa hippuric acid in the urine, while derivatives 
of benzoic acid appear as derivatives of hippuric acid. 

Hippuric acid can be made synthetically from benzoic acid 
and acetic acid : 

1. By heating glycine with benzoic acid to 100° : — 



C.H..co|oni + 'vJ''^>CHa = CH,<J^;f^^-^^-^°^^' + 11,0. 

"' ' nippmic Bi'id. 

2. By heating benzamide with chlor-acutic acid : — 
CJIj.CO.NHH + jjQp>CUi = '^""■^■^^^^>CH, + HC1. 

lllppnrlo ncld. 

8. By heating glycine with benzoyl chloiide : — 
CH,<^'^^ + Cl.OC.CoH, = cn^^^^^O.C^, ^ 201. 

Hippuric acid crystallizes from water in long, rhombic prisms. 

It is decomposed into benzoic acid and glycine by boiling 
with alknlies, and more readily by boiling with strong acids 
(Exp. 69) : — 

n„ ^NH.CVHbO 



NoTR FOii STUnENT. — Wliat relation rloes lii|ipuric acid hear to 
bGnxainkIc? Wliat Is tliu cfroct of bolliiiy; nciil nmicks with alkalies? 
Wrll« the equation for Lbc ilu com posit ion of licui^araidc, auil rotnparu 
It with that for. iho ilecompaHliion of hipparlc uckl. 



I 
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Toluio acids, CeHgO,. — There are four acids of this formuk 
bnowa ; viz, ; the three earhoxyl derivatives of toluene in which 
the carboxyl takes the place of benzene hydrogen aloine, 
CaH, <„„^„i and an acid obtained from toluene by replacing a 
hydrogen of the methyl by carboxyl, thus, CjHj.CHj.CO^. 
Onho-, mefo-, and para-toluie adds, CaH,< ' , are made 
by oxidizing the corresponding xylenes with nitric acid ; — 
COjH 



CaH,<^^= + 30 = C„H,< 



CII, 



- HjO. 



' IHiej, as well as their derivatives, of which many are known, 
I have been studied carefully. The substituted tolnic acids may 
I be made either by treating the acids with strong reagents 
* by oxidizing substituted xylenes : — 

, COaH 



CHa 



+ H,0. 



[ C„H„0,(= 0„Hi.CHi.CO,H). — Just 



a-Toluio acid, 
Phenyl-acetic acid, 
SB benzoic acid may be regoided as phenyl-formic acid; 
a-toluic acid may be regarded as phenyl-acetic acid. It is 
obtained from raaudelic acid, which is formed when araygdalia 
is treated with hydrochloric acid. It is prepared from toluene 
by converting this into benzyl chloride, from which the cyanide 
is made by boiling with potassium cyanide. The cyanide 
I then treated with an alkali] and yields the acid : — 



CbHj.CH^ 

BolUng 



+ CL, = CJIj .GHaCl + nCl ; 

CflH,.CH,Cl +KCN =CoII..CILCN +KC1; 
CsHj.CIIjCN + SHjO == CJI^.CIL.CO^JI + NHa. 

The acid crystallizes in thin lamiure ; melts at 70.5°. 
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NoTK FOB Studbnt, — Wlint would you expect a-tolnic acid to yield 
when oxidized? (See p. 346.) Whftt would you expect It to yield 
when distilled witli lime? What would yon expect the tlirce toluic 
aclrts.C.TI, < ^ . to yltld by osidatiou, aud wlien distilled with lime? 
(See p. 2*3.) 



Oxindol, CsHjNOf =C^ <;;;„-> CO . — Oxindol is ob- 



taiued by redoction of isatioe (see p. 289) ; and also from 
ortho-flDaido-o-toluic acid by loss of water, in the same way 
that isatine is formed from ortho-amido-benzoyl-formiu acid. 
When a-toluic acid ia treated with nitric acid, the para- and 
orlho-nitro acids are formed. The latter is reduced by 
means of tin and hydrochloric acid, when oxindol is at once 
obtained : — 

^•"'■^NH W°°'' " Cai.<™'>CO + H,0. 

Ortb(vuiililD.a.|ola[B add. OiIndoL 

MeBitylenic aoid. 0»H,„0,(=C^{[?(^'\ — This acid 

haa already been referred to as the first product of oxidation 
of raeaitylene. It is the only monobasic acid wliich has been 
obtained from mesitylenc ; and, according to the accepted 
hypothesis, it is tlie only one possible. By distillation with 
lime, it yields meta-xylene.. 

Note ron STirnrsT. — Of what special significance is the formation 
of meta-xylene from meaitylenlc acid? 



[,BO.(=CtHi.CH,.CH,.CO,H)- 



Hydro-cinnajnio acid, ■^ 

Phenyl-propionic acid, I 
llydro-cinnamic or phenyl-propionic acid in obtained by treat- 
ing cinnamic acid with nascent hydri^on : — 

^ C4H^.CH.CH.C0aH -I- Uj = CJI,.CHa.CH,.CO,H. 

nrnfl-MiijiJlo add. numjfl.pmploDlc lukl. 
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It is also made by starting from etliyl-lieiizenc. CaHj.CjHs, a 
using the snme reactioos that are necessary to traiisform toluei 
into o-toluic acid (see p. 292). It is a product of the decs 
of several animal substances, snch as albumin, ftbrio, brain, eto.' 
It crystallizes from water, in long needles, which melt at 47V> 
It yields benzoic acid ivhen oxidized. 



-Tliis a 



Ortho-amido-hydro- 1 „—^ CE, -CHi .CO,H 
cinnamio acid, ( *^ NH.[o) 
is prepared from hydro-cinnamic acid in the same way Ihs 
Oitho-aTnido-a-toluic acid is made from a-toluic acid. It il 
not obtained in the free state ; but, like the ortho-amiddi 
derivatives of benzoyl-formic and of a-toluic acids, it losatf 
water, and forms the anhydride, 



styril is made by treating ortho-uilro-hydro-cinuamic acid with d 
and hydrochloric acid. It is a. solid which crystallizes in prismij 
melting at ICO". It is interesting chiefly for the reason that i 
is closely related to the imiiortant compound quinoUne (whid 
see). When treated with phosphorus pentachloride, hydfl 
carlmstyril is converted into di-chlor-qu incline. The signil 
canco of this reaction will be spoken of hereafter. 

BiBASio Acids, C„Hto_KiO,. 
The simplest acids of this group are the three phthalic acida^ 
which are the di-carboxyl derivatives of benzene, belonging b) 
the crtbo, meta, and para series. 

acid was the first of tlie three acids of this composition dis- 
covered; and, as it was obtained from naphtlialene, it WM 
iiaracd phthalic acid. In addition to its formaUcu from 
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naplithnloiie mjij lie mentioned that from alizarin ami piir- 
puriu; and from ortlio-loluic acid, *->'^» < co'ii/oi' ^i' oxida- 
tion with potasHium peruiaugaDate. 

Expcrimont 74. Mix 40E uaplitlialcnc and 8U« potassium cliloratc, 
aud add tlila mixture gradually to 40C« ordiuarj concentrated hydro- 
cliloric acid. NaphthaleDe tetra-chlorlde, CigHg.Cl,, is Tornied In this 
reaction.- Wash with water. GTaduallj/ add 400« ordinary concen- 
trated nltrEc acid (sp. gr. l.iS), aud boil In a flask connected with an 
inverted condenser. When all ia dissolved, evaporate ttie nitric acid; 
and, Anally, distil the residue. Fhthalic anhydride passes over. Be- 
ci7Btallize from water. This will be used for other experiments. 

Flithalie acid forma rhombic crystals, which melt at 213° or 
lower, according to circumstances, as, when heated, it bi-eaks 
up gradually, even below the melting-point, into water and the 
anhydride which melta at liS". Distilled with lime, it yields 
benzene ; though, by selecting the right proportions, benzoic 
acid may be obtained : — 

(I) C^,<^g^U = C,Hb + 2C0a; 






(2) C^,<>,X^5 = C^,.CO,H + CO,. 



Phthalio acid is decomposed by chromic acid, yielding only 
carbon dioxide and water. Hence, ortho-sylene, when treated 
with chromic acid, does not yield phthalic acid. By boiling 
ortho-xyiene with nitric acid, however, it yields ortho-toluic 

acid, C,H,<(,q'jj,o), and this may be oxidized to phthalic 
acid by treatment with potassium pennanganate. 

Phthalio anhydride, CgEi < qq > O, is formed by heat- 
ing phtliulic acid. It foniis long needles, which melt at 128°. 
Treated witli phenols, it funus the cum^^unnds known as ji/tf/ta- 
Mtm (which see). 



w 
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^""■'f "'*.^ iC.H.<S2€, ,. i. (omod bT ,«i 
Meta-phthalic acid, ' COiH(»)' 

dLzing either meta-xvlene or meta-tolaic acid with ehroin 

acid ; by distiUiog meta-benzene-disolphonic acid with pota 

Kiam cTanide, and boiliiig tbe resultiiig dicyaaidc 



Nan FOB Stcdcvt. — Write tbc equations representing the acttaifl 
Inrolred in passing froia inei*-beiu«De-disiilphoiuc acid to isopbtlmlieil 
acid. Into which dibjdroxj-benzene Is this same disnlphonic add J 
converted bj melting it with caaslic potash? 

The acid is formed, farther, l>y treating metu-Bulpho-benzoto | 
acid with sodium formate : — 



CA<^' 



CO,K 



"SO,K(™l 

■nlpbo- 



+ H.CO,Na = CsH.< 



CO,K 



OUfldlDill \vt- 

pbthal4te. 



+ HNaS(V J 



^ 



This reaction is of importance, for the reason that the same 
Bulpho-berizoic acid, which Is thus conveiled into isopfathallc 
acid, can Ije converted also into ooe of the three hydroxy- 
benzoic acids; and thus connection is established betwcHl,^ 
the latter and iaophthalic acid and meta-xylene. 

Isoplithalic acid cryBtolJizcs in fine needles from water. 
melts above 300°, and is not converted into an anhydride. 

Terephthalic acid, i „ ,-, CO.H -r. i.i. i- !±m 

T, 1.^.. .- J fC6Hi<r,r\ii . — Terephthabc adAB 

Para-phthahc acid, / COMfp) 1 

is formed by oxidation of the oil of tarpentine,' cymene, para-. I 

xylene, und paru-toliiic acid ; by heating a mixture of potassiumj^ 

para-sulpho-bcnzoate and Bodium formate ; — 



^COjK 



= C,H4 < 



CO,K 



- HNaSO^ 



veil Ironi iht LuUn IcrebtiMlHU 
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Para-sulpho-beuzoic acid is converted into one of tlie three 
Ji3'il rosy -ben zoic acida by eaustie jiotash. In tlie para aa well 
as the meta series, the lines of connection indicated below have 
been established : — 



CoH, < 



CO,H 
CO JI * 



Terephthalic acid is a solid which is practically insoluble in 
water. It snblimes without melting and, like isophthalic acid, 
yields no anhydride. 

Hexaisasic Acid. 
Mellitio acid, Ci5H»0„[= CjCCOiH)*]. — This acid occurs 
in nature in the form of the aluminium salt, as the minei-al 
hoiie'/stoiie or meltite. The mineral is rare, and is found in 
beds of lignite. Mellitic acid has been made by direct oxida- 
tion of carbon with potassium permanganate, and by oxidation 
of he xa- methyl-benzene, Co(CH3)o. By ignition with soda-lime 
it is converted into benzene and carbon dioxide : — 
Q(CO^)» = CoH, -I- 6 CO.. 

PHBNOL-ACIDS, OK HVDROXY-ACIDS OF THE BeNZENE SeBIES. 

It wi)l be remembered that the alcohol acids or hydroxy- 
acids of the paraffin series form an important class, including 
such com^Miunds as glycolie, lactic, malic, tartaric, and citric 
acids. The [wculiarity of these compounds Is their double 
cliivracter. They are at the same time ulcuhols and acids, 
tliougti the acid proiiertiea are more prominent than the alco- 
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faolic. The hydrosy-acids of the benzene eeriea bear the h 
I Tclationa to tlie benzene hydrocarbons that the liydroxy-a 
already considered bear to the paraffins. The sijnpleBt a 
those which contain one hydi'oxjl and one earboxjl in benzent 
having the formula CjH, < . 



r-HENzoic Acros, C7lla03. 
Salicylic acid, Ip-r, OH or k- 

Ortho-hydroxy-benzoic acid, ' COjHm' 

acid is found in the form of an ethereal salt of methyl, in 
oil of wintergreen, prepared from the blossoms of OaullheH9 
prucumhens. It is formed in a number of ways, among whicb 
the following should be specially mentioned : — 

1. By converting ortho-amido-benzoic acid into the diaiA 
compound, and boiling with water. 

NoTB FOR Student. — Give the eqaationa representing the ■ 
actions. 

2. By melting ortho-enlpho-benzoic acid with caustic potashi' 
Note for Student. — Write the equation. 

phenolate heated 



3. By passing carbon dioxide over sodium 
to 180° : — 

2CJI,.0Na + CO, = C^4<^oNa 



- CsHaOH. 



4. By heating phenol witli tctra-chlor-methane and alcoholic 

potash: — 

C,H, .OH +001^ + 6^""" -"" "^^ 

5. By saponifying the methyl salicylate fomid i 
wintergreen : — 

C.H.<™„„ + KOH= C.H.<"' + C 



SALICYLIC ACID. 



Exi^erimeiit 75. Boil 30™ to 40'^ oil of wiatcrgreeti with moder- 
ately strong caustic pota-ih In a flask coanected with an Inverted con- 
denser. When It ia disaulved, acidify with hyilroeliloric acid. Filter 
off the salicylic acid which separates, and reerystallize IVoin water. 

Experiment 76. Dissolve 5CK to dOt phenol In the cquiTalcnt quaa- 
tlty of caastic soda. Evaporate to dryness. Powder, and put the salt 
In two or three small, flat-hottom flasks. Connect these with each 
other, and pass dry carbon dioxide through them. For the purpose of 
heating them, it is best to place tliem In an air-batli. Heat at first to 




Fig, IT. 



100°, and then gradnaUy let the temperature rise to 180°. Finally, heat 
to 320' to 2S0°. After cooling, dissolve the mass In not too much 
water, and add hydrochloric acid. Salicylic acid will separate. Ke- 
crystalllxe from water, with the addition of bone-black. 

Experiment 77. Make a solution of 40K phenol and 80( sodium 
hydroxide In 120"^ to HO'" water. Add gradually 60* chlorororm, 
constantly ahalilng the mixture. The solution changes color, anil 
becomes, Anally, deep red. The Uask should be arranged as shown 
In Ifiii- 17, to prevent loss of chloroform in consequence of the spon- 
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1 



taneoHB elevation of temperature. After all the rhiorarorm Is 
up, anil the action is over, boll for half an hour. Add dilute hjdi 
chloric or sulphnric Bcid until the nolutlon Iiils an ucid reaction- 
thick, red-colored oil will be thrunrn down. Boll by pasiiing steam 
throiigli the liquid, as in Exp. 67. A lighMolored oil will pass over. 
This la the aldehyde, of saUcylic acid, together with some unacted-Upou 
phenol. Dissolve In ether, and shake this with an aqueous solution 
of mono-sodium sulphite, wheu the aldebjde unites with the sulphite. 
Separate the ether solution of phenol from the lower water solution, 
and acidify the latter with hydrochloric or sulphuric acid, when sall- 
cjllc aldehyde Is thrown down as an oil. Put the oil In a silver (or 
icon) basin with 20< to 3W caustic potash and a little water, and keep 
the mass In fusion for au hour or two. By thl!i means the aUlehyde Is 
oxidized to tlie acid. Fiually, dissolve tlie mn-ss in water, acidliy, 
fflter off the salicylic acid whicli sepai' 

The action of chloroform on phenol in the presence of cans 
soda is analogous to that of tetra-chlor-methaue. It ia reiM 
aentcd in this way : — 

CjII, .ONa + 3 NaOH + CHCI3 
,ONa j_ 3 \|„|•^ _i_ 311^0. 

This reaction is of genci-al application to phenols, and afford 
a very convenient method for the preparation of the pbeuo^ j 
acids. 

Salicylic acid crystallizes from hot water in fine needles. Il 
melts at 155° to 156°. 

When heated, it breaks up iuto phenol and carbon dioxide: — 



C„II, < 



CO,H 



= CcH,.OII + CO,. 



With ferric chloride, its aqueous solution gives a cliaracter- 
istie darlf violet-blue color. Free salicylic acid is antiseptic. 
preventing decay and fermentation. It is therefore used for 
preserving organic substances. 

Salicylic acid forms salts of the general formula C,H,<^^ : 
iad, with the alkaUea, corapouiidB, iu which both the phenol hf- 
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drogen and the acid hydrogoD are replaced hy metals, as 
C,H, <J; . Salts of the latter order, which contain the 
metals of the alkaline earths, are decomposed by carbon 
dioside. Salicylic acid forms ethereal salts of the general 
formula 0,0^ < , of which methyl salicylate, CjHj < r-Q CH ' 
is the best-known example. It forms, also, ether-acids of the 
general formula '^»fJi<pni,5 ^^'^' Anally, compounds of the 
general formula C.Hj < ^^ . 

A very large number of snbstitation- products and other 
derivatives of salicylic acid have been studied ; but they need 
not be considered here. 

That salicylic acid belongs to the ovtho series, follows from 
the following facts : — 

Ortlio-tolu en e-sut phonic acid has been converted into ortho- 
sulpho-benzoic acid, and this into salicylic acid. Fni-ther, the 
same toluene-sulplionic acid Uaa been converted into ortho-toluic 
acid, which, by oxidation, yields pLthalic acid. 



~so.k,.. + '^™ = ^*<Sm ■^'''^°'-- 



~ SO,K|o) CN(~1 



, CH, 

~ C'0,n("i "■ 

OrDio-toluk add. 






i 
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1^^ 1 



Salicylid, C,H.Oi-CsH,< I (?i . is a substance obtaintd 

v CO y 

from Balicvlic acid b}' the abatraction of water. This altili^ to 
form anhydrides is in some way comiectcd with the ortlio rela- 
tion, as the two isomeric hydroxy-aitids do not yield anhydrides. 

Note foh Stuoent. — Compare the three plithalie acids iu this 
respect. 

Oxybenzoic acid, \ C H < °^ — This 

M eta -hydroxy-benzoic acid, > ' ' CO,H(in)' 
^ acid ia made ffoni meta-amido-beiizoie and meta-sulpho-benzoio 
Lcid by the usual reactions. 
It crystallizes from water in needles united to form wart-like 
"looking masses. It gives no color with ferric chloride. 
connection with raeta-phthalic (iaophthalic) acid and meta-xylene 
is effected by means of the trausformationa tabul.ited on p. i 
that is to say, the same sulpho-benzoic acid which, by meltiog 
with caustic potash, yields oxybenzoic acid, by melting with 
Bodinm formate, yields ieophthalic acid. Therefore oxybenzoio 
acid is a meta compound. 

Para-oxybenzoic acid, \ r* tt ^ ^^ p 

Para-hydroxy-benzoic acid, ' " ' CO.,3.(p)' 
oxybenzoic acid is formed from the corresponding amido and 
Sulpho-benzoic acids ; by treating various resins with caustiO' 
potash ; from anisic acid (which see) , by heating with hydriodiO' 
acid ; by heating potassium phenolate in a current of carbon 
ioxide. 

NoTB FOR Studknt. — Notice the &ct that, while xodtura pbeDolat«M 

rten heated in a current of carbon dioxide, yields aalicjllc ncidt' 

phenolate, under the same ctrcumstancea, yields para-oxj^ 

'benzoic acid. 

Its aldehyde is formed, ti^ether with salicylic alddiydc, bj 
treating phenol with chloroform and caustic soda (see Exp. 77). 
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The reasons for considering pnra-oxy benzoic acid as s. mem- 
ber of the para series are similar to those which show that 
osjbenzoio acid is a metft comtwund. The same sulpho-benzoic 
acid whioh yields para-oxy benzoic acid, also yields terephthalic 

Anisic acid, lcjI,<°S5 .-AnWc 

Para-methoxy-benzoic' acid,' COjHipi 

acid LB formed by the oxidation of auethol, C,H. < ? ,, 7 a 
phenol ether contained in anise oil. It is made by heating 
para-oxy benzoic acid with canstic potash and methyl iodide. 
Ae the formula indicates, it is the methyl ether of para-oxy- 
bcnzoic acid. 

Dl-nVDROXT-BF-NZOIO AciDS, C,HeO,. 

Protooateohuio acid, GcHj | _.„ Ji, ia a fi-eqnent product 
of the ftision of organic substances with caustic potash. Thus, 
the following substances, among others, yield it : oil of cloves, 
piperic acid, catcchin, gum benzoin, asafcetida, vanillin, etc. 
It ia made from sulpho-oxy benzoic acid, and from sulpho-para- 
oxybenzoic acids by fusing with caustic {wtash. 

NoTK FOK 8Tri>BNT. — What analogy ia there between the iiict that 
protocatcchiilc acid Is formed from salpho-oxylwnzoie acid and from 
salphi>-para.oxybonKiiic acid, and the fact that pscudocumcne Is formed 
from brom-meta-sylene and from brom-para-xylene? Wtmt conclusion 
may be drawn regarding the relations of the two hydroKyl groups, and 
the carbonyl in protocatecboic acid? 

Ily distillation with lime, protocatechnic acid breaks up into 
pyrocatechin and carljon dioxide : — 
fOH 

CshJoh = c„a] 
(coji 



fOH 



oup. OCn,. la 
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fOCH, 
Vanillic acid, CjH, \ OH • is formed by oxidation 
lC0,H 
' vanillin, which ia the corresponding aklehyde. It is the moi 
methyl ether of pratocatechuic acid. 

/ f OCH,\ 

VaniUin, 03,0j(= CMA OH 1, occurs in natare, as 
^ I CHO ^ 

crystalline coating, on the fruit of the vanilla. It is nw 

^ocn. 
I aod caustic soda. 

Tni-irYDROXY-BKNZOic Acids, CiH^O,. 

GaUio acid, C,H,Osf = C,H,{^°^^].— Gallic acid oeco 
n anmaeh, and in Chinese tea, and many other plants. It 
formed by boiling tiumin or tannic acid with snlphuric acid ; I 

melting brom-prot«oat«ehuic acid with caustic potash : — 
f Br 

c,hJ (0H)o + KOii = cilJ ^^^^^ 

Brom-proloDSEechuls O-nllic acid. 

It is Iteet prepared from gall nuta by fermentatii 
I tannin contained in them. 

Gallic acid is easily soluble in water. Its solution gives, 
with a little ferric chloride, a blue-lilaek precipitate, which 
dissolves in excess of ferric chloride, forming a dark green 
solution. It readily reduces metallic salts in solution. When 
heated, it yields pyrogallol (pyrogalUc acid) and carbon di- 

C„H, { JJ^= = CA(OH), + CO,. 



Tannic acid, tannin, C„Hi„Ob. — This substance occur* 
L in gall nuts, from which it ia extracted in large quantities. It 
a amorphous powder. It is maikedly astriugeut in its action 



KETONES. 



on the mucotis membraDes. It is aolnble in wat-er, the eolution 
giving, witli feiric chloride, a dark blue-black color. Tannin is 
used extensively in medicine, in dyeing, and in the manufiictnre 
of ink. Its relation to gallic acid ia indicated by the following 
oq„.tion:- ^ c,H/), = C ,fl„0. + H,0. 



Ketones ani> allied Derivatives of the Benzene Series. 
The ketones of the benzene series are strictly analogous to 
those of the paraffin series, and they are made in the same way. 
Acetone ia made by distilling calcium acetate : — 



CHj.COJO 
CH^COO 



^>CO + CaCOa. 



So, also, benzophenone 

ing calcium benzoate : — 

C«H,.C0i6" 



F diphenyl ketone is made by distill- 



CjH,rC00 



>Cal 



. C.H, 



> CO + CaCOs. 



BcnzophDDone. 

Further, by distilling mixtures of the salts of two fatty acids, 
mixed ketones are obtained : — 

CHj-COlOMi _ CHa 
C,H(-jCOOM: 



' > CO + MsCOj. 



l-mEthyl 

And, similarly, mixed ketones containing one residue of a 
benzene hydrocarbon and one of a paraffin ; or, two different 
residues of benzeue liydrocarbons may be obtained thus : — 

CbH, .COOM ^ C^i , 

CHj.COOM 



(1) 



PLaoyl. 

. CbH. 



'''>C0 + MjCOa; 

-thyl koloM, 



C^Hj.COOM 
(») TH^CH. =J:*"'>CO + M,CO,. 

'^"' < COOM ^"' 

rbcnyl-lolyl-koioE 



[lie individual ketones need not be considered. 
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IQrDtONES. 
The qiiinones are peculiar bodies which 
nUied to the ketoocs. The simplest esatnpte of the class, aod 
Hie cue best known, is called quiiione. Its foiinala is CgH,0„ 
EDd it therefore ap|}ears to be benzeue in which two hvdrt^cB 
atoms are replaced by two oxygen atoms. All quinones bear 
this relation to the hydrocarbous, of which they may be regarded 
KB derivatives. 
1 



I 
I 



Quinone, CtBiOj, is formed by the oxidatioa of qiiinic acid, 
hydroquiuone, para-diiimido-benzene, and some other benzen* 
derivatives in which two substituting groups occupy the pant 
positjon relatively to each other. 

It forma long, yellow prisms; sublimes in golden-yellow 
needles. 

Hydriodic acid reduces quinone to hydroquinone : — 

C„H,0, + 2 HI = C6H.(0H)j +21. 

The easy transformation of hydroquinone into quinone, an 
die opposite transformation of quinone into hydroquinoue, i 
well as the formation of quinone from other para com|)onudB, 
force us to the conclusion that the oxygen atoms in quinons 
are \n the para ]X)sition relatively to each other. QuinonA 
appears, therefore, as a substance containing two carbon]^ 
groups which are united by means of hydrocarbon residaeSf- 
as indicated !hi tlio formula, — 

O 



CsH,<-;X>C,Hj or 



A substance of this kind may be called a di-ketone, and maj 
be reg&vdeii as derived from a dibasic acid in the same way tiuit 
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a nimple ketone ie derived from a monobasic acid. ThDB, the 
cak-ium salt of an acid of the foi-mula CjH, < ought, ac- 

cording to this view, to yield quinoue by distillation : — 

■H -----------t = CA<J">C,H, + 2CaCO,. 

IF C.H,<?0»>CJ 
■W ;COO 1 

Several quinones have been studied. Under the head of 
Anthracene, we shall meet with an important one called anthra- 
quinone, which has been made by such reactions as prove it to 
be a di-ketone in the sense in which this expi'ession is explained 
above. 

Pteidike Bases, C„Hfc_jN. 

In the manufacture of bone-black, bones are subjected to dry 
dietillation, when an oil passes over wliich is known as bone oil. 
This oil is a complex mixture of substances, several of whicli 
have, however, been isolated. Among the pure substances 
which have been obtained from bone oil may be mentioned 
pyridine, picoline, lutidinc, and collidine. All these compouods 
contain nitrogen ; and, storting with pyridine, they form a 
homologous series : — 

Pyridine C.ll^. 

Picoline CgHjN. 

Lutidine C,HbN. 

CoUidine C,n,|X. 



Pyridine, CsHiN. — Besides being formed in the distillation 
of bonee, pyridine has recently been made in several ways, 
some of whicli enalile ns to form ii couce|)tion in regard to 
its relations to other substitoces which have been considered. 
Great interest in the substance and its derivatives has been 
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aroused by the obBervation that several of the alkaloids whii 
occur in nattire, Bucli ae quinine, cinchonine, nicotinei Cto.j 
when oxidized, yield acids containing nitn^en, which bear tfl 
pyridiuc the same relations tliat benzoic, phthalic acids, eto., 
bear to benzene. Thas, by oxidizing nicotine, nicotinic acid k 
obtained. This has the foimnla CkH^NO, ; and, when distilled 
with lime, it breaks up into pjTidine and coi'bon dioxide ; — 

CaHjNOj = CsH^N + CO,. 

NloDtlalF ncld. Pyridine. 

This naturally leads to the conclnsion that nicotinic acid ii 
pyridinc-carhtonic acid, CjHiS.COjH, which bears to pyridine 
the same relation that benzoic acid bears to benzene, acetio 
acid to tnnrsh gas, etc. 

Pyridine is formed : — 

1. By treating ieo-amyl nitrate with phosphorus pentoxide : — 

CjHi, .NO3 = CjHjN + 3 JIjO. 

2. By conducting acetylene and hydrocyanic acid t«^ctlier 
through a tube heated to redoees : — 

2 CjHj + HCN = C,H,N. 

It is a liquid with a peculiar, sharp, characteristic odor, 
boih at Ufi.7°. 

It unites with acids forming salts. 

It has been suggested that pyridine is related to benzene; 
and that it may be regarded as the liydrocarbon in which one 
of the six CH groups is replaced by a nitrogen atom, as repre- 
sented in the formulas 




This view has suf^eated various lines of investigation. Thus, 
if the above formula reallr represents the relations between 
benzene and pyridine, it is clear that the existence of tiiree 
isomeric mono-suhHtitutiou products of pyridine ought to be 
possible. Thus, there should be three methyl-pyridines or 
picoliues, three pyridine -carbonic acids, etc. The three pico- 
hnes should correspond to the fonimlaa 



H H 



CH, 



I I 



^B Orlho.pioolinc. Mels-plcDlUii.', Tata- pLcu line. 

All three picolines are kuown; and, by oxidation, they are 
converted into the three pyridine -carbonic acids, CjH,N .COjH ; 
and these, when distilled with lime, yield pyridine and carbon 
dioxide. 

The pyridine bases unite with two, four, or six atoms of 
hydrogen. The addition-products thus formed are believed 
to exist in the alkaloids. 

Piperidint, C'„H„N, a base fonnd in piperine, a constituent 
of pepper, has been shown to be he xa- hydro -pyridine. 

Nicotine is probably of similar structure. 

Valuable resulta may be expected from the further invesliga- 
Uon of pyridine and its derivatives. 

Terpenbs, ChiH]j. 

In nature, particularly in the coniferous plants, occur several 
isomeric hydrocarbons, which are known by the common name 
leipene. These substances are very susceptible to the action 
of reagents, and hence undeigo many changes. One of the 
most common changes is polymerisatiua. Thus, wlien a tcrpene 
is heated in a sealed tube, or is shaken with concentrated sal- 
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phuric acid, or with boron fluoride and other anbatances, it | 
converted into pol3Tneric modtflcations of the formulas CJ 
and CjoHaj. The terpenes unite witli liydrocUoric and 
bromiu acids, forming compounds, 0,DHiB.HClaDdGii>H,g.2HCS 

Oil of turpentine, terebenthe^e, C,oH,i. — This oil ]k1 

obtained by distilling turpentine, a resinous substance whidt 
exudes from incisions in the barlt of various species of tto 
pine, larch, fir, etc., especially from the pine. The oil consiel 
largely of a hydrocarbon, CioHjj. The oils obtained from dS 
ferent species of trees differ somewhat in their properties. 

Among the more interesting chemical transformations of 
of turpentine, the following may be mentioned : It abeorbs 
oxygen from the air ; dilute nitric acid oxidizes it readily, CDa>' 
verting it into acetic, propionic, butjTic, oxalic, para-toloi 
terephtbalic acids and some other acids ; bromine and iodiiij 
convert it into cymeue. 

Oil of turpentine is used in Uie manufacture of vamisheB a 
account of its solvent power for resins. It is also used i 
medicine. 

The reactions above enumerated indicate clearly that there 
is a close relation between cymene and oil of turpentine. This 
is shown by the fact that it is so readily converted into cymene, 
and that it yields pnra-toluic and terephtbalic acids by oxida- 
tion. It has therefore been suggested that oil of turpentinQ ie 
a hydrogen addition -product of cymeue, of the formula 

CHg 



We know nothing ii 
the different terpenea. 



ard to the causes of the ieomevism of 



CAMPHOR. 



It should be observed that the above formula furnishes no 
explauntion of the fact that oil of turpeotiue acts like au un- 
saturated compound. 



Artificial oamphor, 
add gas is conducted into oil of tuqientiue, a curious solid 
known as artificial camphor is formed. It looks like ordinary 
camphor, and has a very similar odor. When heated alone, or 
with bases, it gives off hydrochloric acid, and a terpeuc different 
from the oil of turpentine is formed. 

Camphor. 

Borneo], Borneo camphor, CoHi^O. — Borneo camphor 
ia a substance foimd in cavities in a tree {Dryobulanops cam- 
pkora) which grows in Borneo, Sumatra, etc. It may be mode 

treating ordinaij camphor with sodium : — 






2CJI„0 + 2Nn = C,H„ONo + CiJI„ONa. 

OrdlnBTy Soilliini compound SudJuin torapotmd 

ciunplior. uf lioriiiol. otordiuarjr 



The relation between the two kinds of camphor is shown better 
by the equation : — 



Oamphor, laurinol, CoHkO — This is the substance ordi- 
narily called camphor. It is obtained in China and Japan from 
diCFereot species of the genus camphora of the laurus family, by 
distillin;! the flnely-cut wood with water vapor. It is purified 
by sublimation. 

Camphor forms hexagonal crystals ; melte at 175°, and boils 
at 20-1°. It is only slightly soluble in water ; easily solnble in 
alcohol. 

Boiled with iodine, hydriodic acid gas is given off and cymene 
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is formed. Phosphorus pentoxide decomposes camphor into 
cymene and water : — 



CioHigO = CioHi4 + HgO. 

Camphor. Cymene. 



The same decomposition is effected by heating camphor with 
concentrated hydrochloric acid to 170®. It will be seen that, 
as far as the composition is concerned, the difference between 
a terpene and camphor is one atom of oxygen : — 

Terpene. Camphor. 

The relation between the substances is undoubtedly a close 
one, as is shown by the formation of cymene from both. It is 
stated that a substance closely resembling camphor has been 
made by oxidizing the terpene known as camphene, which is 
formed by shaking oil of turpentine with sulphuric acid. 




DI-PHBNTL-METHANB, TRI-PHENYL-ME THANE, 

TBTBA-PHBNYL-MBTHANE, AND THEIR 

DERIVATIVES. 

As we have seen, toluene may be regarded either aa methyl- 
benzeDe or phenyl -methane. Of courae, aceordiug lo all that 
IB known regai-ding similar aubstances, the two views are identi- 
cal. Regarding it, for our present puriwse, as phenyl-methane, 



iKiy write its formula thus : c 



This suggests the possibility of the existence of such sub- 
stances as 

,C.[I. 

JX-pheiiyl- methane C J " '^ 



f ^'-''' 

Tri-phenyl-metliane C J *-="! 

I CflH; 
H 
CgHj 

and Tetra-phenyl-methane C ■( ' '. 

( C«H, 

All these hydrocarbons are known, and the derivatives of 
tri-phi;nyl-methaDe ai'e of special interest and importance. 
There ie one reaction by menus of which these hydrocarbons 
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can be made very readily. It has hIbo been used for the synth 
sis of mauy other hydrocarbons. It depends upon the remarfc* 
able fact tbnt, when a hydrocarbon is brought U^ether mtt 
a compound containing chlorine, and aluminium chloride thei 
added, hydrochloric acid ia evolved, and union of the t 
substances is effected, the aluminium chloride not entering inb 
the composition of the produet. Thus, when benzene an 
benzyl chloride, CaHs.CH,CI, are brotigbt together under ordi 
nary circumstances, no action talieB place ; but, if some s<dt 
aluminium chloride be added, reaction takes place in the seiu 
of the following equation : — 

CsHs-CHaCl + C(He = CsH, .CH^ .CaHj + HCl, 

Di-phenyl-nnitliiuia. 

and di-phcnyl-methane is formed. 

Similarly, when chloroform and benzene are hrouglit togetha 
in the presence of aluminium chloride, tri-pheuyl-metiiaue i 
formed according to this equation : — 

CHCIfl + 3 QHfl = CH(C„H,), + 3 HCl. 

Tri-phonj-l-aie;liiMB. 

Another method by which these hydi-ocarbons can be made,< 
consists in heating a chloride and a hydrocarbon together in the 
presence of zinc dust. Thus, benzyl chloride and benzene give 
di-phenyl-methane when boiled with zinc dust ; and benzal 
chloride, QHs.CHClj, and benzene give tri-phenyl-methane: — 

CflHi-CHCla + 2 C^ = CH(C,Hs)3 + 2 HCl. 

Only tri -phenyl -me thane will be considered. 



Tri- phenyl -methane, 0„H,i[= CH(C3s),]. — This hj- 
drocai'bon may be made, as above described, from benzal 
chloride and benzene, and trom chloroform and benzene. It 
may be made also from benzal chloride and mercury diphenyl, 
HgCQH.),:- 

(iH,.CnClj + Hg(CoH,)i = CH(C„H.)3 + HgClj. 
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It torroB luatroBB, thin laminie, which melt at 92°. It is 
insoluble iu water ; easily soluble in ether and chloroform. It 
is crj-stallized beat from alcohol. 

Towards reagents it ia very stable. Thus, ordinary concen- 
trated sulphuric acid does not act upon it. r C^Hs 

Oxidizing agents convert it into tri-phenyl-carbinol, C J ° '■ 

l- OH 

That the oxidation -product is reallj' tri-pheuyl-carbinol appears 
probable, from the fact that whenever aromatic hydrocarbons 
which contain parallin residues are oxidized, the paraffin resi- 
dues are first attacked, while, as a rule, the benzene residue is 
uu acted upou. 

Trlnitro-triphenyl- 1 o,^,.(NO,).[. OH(C.H.NO,).], u> 
methane, 
formed by treating tri-pheuyl-me thane witli nitric acid ; and 
also by treating a mixture of nitro-benzene and chloroform 
with aluminium chloride : — 

CHCU -1- 3 CoHj.NOj = CH(CeH4.N0,)» -J- 3 HCI. 
This reaction shows that in the tri-nitro jiroduct oue uiti'o group 
is contained in each benzene i-eaidue. 

Triamido-triphenyl-methanB , p ar a-leucan iline , 

C^„(NH,),[= CH(C,H,.NH,),]. 
The tri-amido cora|>ound ia made by reduction of the tri-niti'o 
compound, and also by reduction of para-ros aniline. It is 
coiivci'ted into para-rosauiliue by oxidation. 

ASILINE D^-ZS. 

The well-known substances included imder the head of Ani- 
line Dyes are morti or less simple derivatives of the two 
comjmunds called roBanUhie and para-rasaHiline. 

When mixtures of aniline and toluidinc are heated togetlicr 
with different oxidizing agents, such as arsenic acid, stannic 



r 
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chloride, mercnric chloride, etc., several substances are 
the principal of which are the two above named. Para-rosa 
line, CjjHijNj, is formed from para-toluidiue and aniline, accoi 
ing to the equation, — 



Bosaniline, Cj^^j, is formed in a similar way : — 
CeH,N + 2 CH^N + 30 = C^H,^, + 3 H.O. 

AnIllBB. Toluidine. HoaanilinD. 

The composition and modes of formation of the two aob^ 
BtancGs show that rosaniline is a homologue of para-rosanili 
the relation between the two HubatancGs being represented 
the formulas Cu3,jNa and CiBtI„(CH3) N,. 

By treating para-rosauiUne with a reducing agent, it is c 
verted into pai'a-leucaniline, which haa been shown to be 
amido-taiphenjl-methane : — 



C„H„N3 + H, = C,^,^, 



C„H,.NHi 
CbII, . NH, 



We see thus that para-vosaniline and rosaniline, which on 
the fundamental comijounds of the group of aniline dyes, an 
derivatives of tlie hydrocarbon tri-phenyl'methane. 

Para-roaaniliue, OisHitNj. — The formation of this sata 
stance by oxidation of para-lencauiline and of u mi\tiire ol 
toluidine and aniline was mentioned altove. It is probahl] 
one of the constituents of the commercial dye known iis /tick 
sine. The relation between para-rosaniline and i)ara-leiicauitlo( 
is probably expressed by tlie following formulas : — 

fc^, rCH^.NHs rcyi^.Nii, fCji,.Nni 

ChJcjIs CnJCoH,.NH3 C(OH) JCsIIj.NII- c 
[C„H, |CJ1,.NH, [CaH..NIL 

Tli-piieoyl- Parn-leuoiinllliic. Trlamiao-lriplmn^l- 



C„H..NH. 

Nil 
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According to this, para-roBaoiline ie an anhydride of triamido- 
tri phenyl -carbinol, somewhat of the same order as oxindol, which 
IB an anhydride of ortho-amido-a-toluic acid (see p. 2!l3) : — 

OrUto-nmlila-ii-loliiia ncid. OiImkiL 

Bosaniline, CoHisNj. — This is the principal constituent of 
commercial fuchaine. It is formed by oxidizing a, mixture of 
aniline and toluidine : — 

C,HjN 4- 2 CjHbN +30 = CaHjeNj + 3 11,0. 

Experiment 78. Ill a dr}' Lcst-tube put a. little dry mcrcmic 
chloride and a few drops of commercial aniline. Heat over a email 
Dame. Dissolve the product lu alcohol, with the addition of a little 
hydrochloric or acetic acid. The heantlful color of the sotDtioQ Is 
due to tlic presence of the hydrochloride or acetate of roaaulllne. 

On the large scale, the oxidizing agent used is arsenic acid. 
Care ia taken to remove all arsenic acid from the product, but 
it is nevertheless sometimes found in the proilucts obtained in 
the market. Rosaniline crystallizes in needles or plates. It is 
very slightly soluble in water ; more readily soluble in alcohol. 
It forms three series of salts with monobasic acids. Witli hy- 
drochloric acid it forms the salts C„Hk,Ni.IIC1 and CiuH|bNi.3 IICI. 
The former is tiie substance known asfuchsine, though some of 
tlic fiichsinc met with in tlic market is the acetate of rosaniline, 
C^HyNj .C^I.Oa. t^ichaine and the other salts of rosaniline 
dye wool and silk directly. For dyeing cotton cloth, however, 
a m(»ria'nt is neceasary. 

Dyehu/, Animal fibres, in general, are colored directly by 
dyoa ; that is to say, they have the power of forming with the 
dyeB stable compounds which adhoi-e to the fibres. This ia not 
trne of vegetable fibres, as cotton cloth and linen. Hence, in 
order to dye the latter, something must be added of such a 
character that, with the dye, it forms a compound which adheres 
to the fibres. Substances which act in this way are called 
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I 

^^H mordatita. Among the substances used ns mordants stre al 
^^H miaiam acetate, ferric acetate, and some salts of tin. 




Experiment 79. Make a dilute solntion of picric acid by dissolWI 
lag 2« M) 3« in 200" to 300« water. lo a portion of It suspend a 
pieces of white yarn or flannel. The ^noollen material will be stroDglfl 
died yellow. Iq auotlier portion Buspund a picc« of ordinary cotton 
cloth. And ill a third portiou introduce a piece of cotton clotb which 
has been soaked In aluminium acetate and afterwards partly dried. 
The alumioluin acetate may be made by treating a solntlon of w 



of lead with enough of a solution of alum to precipitate the lead, and^J 
then Bltfiiing off the lead sulphate. The unprepared cotton clot^^J 
I when removed from the picric acid solution and washed, will be fotind'^| 

^^H to be only slightly colored ; whereas, that piece which was soaked Itt ^M 
^^^m the mordant will he found to be strongly dyed. Similar cjtperlmenta 1 
^^H may he made with fuchsiae. I 

^^H Among the simpler aniline dyes are the following ; — I 

^^H Ilofmann's Violet. This is eith<u' the hydrochloric acid (H I 
^^H acetic acid salt of tri-methyl-rosaniline. It is made by heating I 
^^* together a salt of rosaniline, methyl iodide, methyl alcohol, and * 



¥ 



caustic potash. 

Iodine Green. \a the iodide of pentft-methyl-rosanilime. 

Aniline Blue is ti'i- phenyl -rosaniline, CsiiH,„(C|,Hs)3Ns, which is 
formed by heatiug salta of rosaniliae witli an excess of auilinc. 

Phtiialkins. 
In speaking of phthalic anhydride, it was slated that when 
this substance is treated with phenols, plithalei'us arc formed; 
and, in speaking of resorcin, a markedly fluorescent body was 
mentioned as Ijeing formed when phthalic acid and resorcin are 
heated together. 

Phenol-phthalein, 0;3nO,. — This substance is formed by 
treating a mixture of phenol and phthalic anyhdride with sul- 
phuric acid or aome other dehydniliug agent : — 

2 0„H,0 + CM1,0, = C«,ir„0, 4- H^. 
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The fused masB is disi^lved in cauatie soda, and the phcnol- 
pbtlialel'n precipitated by the addition of an acid. It forma a 
granular ci'vstallinc powder. Its solution in alkalies is I'ed or 
violet, according to the tliicltneas of the layer. Acids destroy 
the color. Elunce it is used as an indicator in alkalimetry as a 
substitute for litmus. 

Pbenol-phthaleifn, tike rosaniline, is a derivative of tri-phenyl- 
methanc, as has been shown by the following somewhat compli- 
cated reactions : — 

The chloride of phthalic acid, or phthalyl chloride, C8H,02CL„ 
when treated with benzene in the presence of aluminium chloride, 
gives up its two atoms of chlorine, and in their place takes up 
two phenyl groups, thus : — 



CsH,0,Cls - 

PLtbiUf 1 cbtoride. 



2 CaHs = 



C,HA(CflHs)a + 2IIC1. 

Diphcnyl-iiblballile. 



The substance thus formed is known as diphenyl-phtholide. 
Its conduct towards water and bases is such as to show that it 
is the anhydride of an acid : — 

CVH,0,(CoH,)a + H/) = CJI„0,(CbH„), 



I (CeH.); 



When this acid is reduced by n 
oxygen ; — 



B of zinc dual it loses 



I CO,H 
' 1 (C,H.),' 



And, finally, when the last pi'oduct is distilled with baryta, it 
loses carbon dioxide and yields tri- phenyl- me thane : — 

C,H. } ^^'^ = CH j C A + CO, 

Wc liave tliua iiasaed fmin iilithalic anliydride to tri-i)lienyl- 
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methane, and the reactions just referred to are in all probabill 
eorreoUyrepreaentedby the following fomiiilas and equations:' 
f C,H, [- C^j 

C(H,.C03H. 
OH 

TH|>henyl-caibliiol- 

C^A + 0. 

c„H,.coai 



e o( Iriphenyl-cBT- 

CbH, 

CBH4.G03H 

OH 

C=Hs 
C0H5 

CeH4.C0,H 
H 



C5H, 

CaH. 
H 

Trl-pbenyl-rnel 



Now, hy milking dinitro-diphenyl-phthaliiie, reflucing it, an 
boiling the diazo compound with water, tlie product is phena 
plithalei'n. Hence, the latter compound appears to be the d 
I hydroxy derivative of diphenyl-phthalide : — 

CflHj r C'„H, . NHj r CaH, .OH 
CflHi (^ICaH^-NHa p J CflH,.OH 
CaH^.CO 1 C«H,.CO I C„H,.CO" 
O ! Lo 1 '0 ' 

FIWlWi-pLlhalero. 

The formula for phenol-phthaleVn may also be written thus : — 

C,H,.OH „ CH^ 

CbHi-OH 

the curiona arrangement of the carbonyl group being simply the 
sign of the anhydride ooudition between carboxyl and hydro: 
of which the simplest espreBsioii is 



*>C0, 



R< 



OH 
COOH 



O 

= E < I + HjO. 
CO 
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Note for Stcdbnt. — Although the reactions above briefly de- 
scribed may at flrst sight appear to be difflcnlt to comprehend, they 
are In reality simple enough. Tlie studeut is earnestly recommended 
not to slight them on account of the long names and complex formulas 
involved. They afford an excellent example of the methods npon 
which we rely for determining the nature of complex substances. 
Notice that all appears dark until the well-linown substance tri-plicnyl- 
methane is obtained, which suggests that all the substances are deriva- 
tives of this fundamental hydrocarbon; and how easily, when thta 
conception has once bceu formed, the interpretation of all the reactions 
follows. 

Among the otlzor phthjiloiiis which deserve speeial mention is 
that which ia Ibrmed witli resorcin. 



Fluorescein, resoroin-phthalelD, CtgHnOj. — This he an- 
tiful substancG is formed by simply heating together resorcin 
and phthalic anhydride : — 

2 CsH4(0H)i + CaH^Oj = CaiHiA + 2 U^O. 

Ita Boliitions in alkalies are wonderfully fluorescent. The suh- 
stance, which is sold under the name " nranin" for the purpose 
of exhibiting the phenomenon of fluorescence, ia an alkaline salt 
of fluorescein. 

The reaction which takes place between resorcin and phthalic 
anhydride, when fluorescein is formed, is of the same kind as 
that which takes place l>etween phenol and the anhydride to 
form phenol-phthalem. We would therefore expect to find that 
flnorescein is expressed by the formula 



CJIs 



fOII 



Call,. CO 

.o — ' 
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which shows its analogy to phenol-phthalem, 



C^ 



CeH^.OH 
CeH,.OH 
CeH4.C0 

O — • 



It is found, however, that in reality fluorescein corresponds to 
the above formula less one molecule of water ; and it is believed 
that the water is given off as represented thus : — 



CgHg - 



C^ 



C«H.i 



rOH 
o 

OH 
CeH4.C0 

o- 



= C/9oU|2v)5« 



J 



FluoretceVb. 



Eosin, tetra-brom-fluoresoein, GsoHgBrAOs, is formed by 
treating fluorescein with bromine. Its dilute solutions have an 
exquisite, delicate pink color which suggests a color often seen 
in the sky at the dawn of day. Hence the name eosiuy from 
^6sy davm. It is fluorescent, and is used as a dye. 




HYDROCARBONS, C„Hz.-s, AND DERIVATIVES. 

The hydrocarbona thus far considered are of three clasaea. 
They are: (1) paraffins, or saturated hydrocarbons of the 
marsh-gas series ; (2) unsaturated hydrocarboua related to 
the paraHlns ; aod (3) hydrocarbons which cootain residues 
of the saturated paraffins and of benzene. 

We now pass to a brief consideration of a hydrocarbon which 
is made up of a residue of benzene and of an unsaturated par- 
affin. It beoi'B to ethylene the same relation that toluene bears 
to marsh gas ; that is to say, it ia plienyl -ethylene. 

Styrene, phenyl-ethylene, C,H,(= C,3^.CH.CH,) — This 
hydrocarbon is contained in liquid storax, — a fi'agr.iut, honey- 
like substance which exudes from varJoua plants, aa the liquid- 
amber. It ia formed by distilling cinnamie acid with lime ; — 
CBHgOj = CgHa + COa. 

Note for Student. — What does this reaction suggest with regard 
to the rektloD between cinntimtc acid and styrene? 

It is also formed from phenyl -ethane, CsHj.CsH,, in the same 
way that ethylene is formed from ethane : — 

( CH, -1- Br, = CjHjBr -|- HBr 

+ KOII = CaH, + KBr + Ufi ' 



, . C,IIi +Bv^ = CflHj . C;H,Br + HBr ; 
3,H,.C,H,Br + KOII = C„Hs-C,H, + KBr -|- H,0. 



I 

I 
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Ita formation by heating fieetylenc was mentioned on p. 

'■^^'■~ 4 OH, = CgHg. 

Note por Stctdent. — What other polymeric product is obtained 
I bj beating acetyleue? 

Stjrene ia a liquid of an aromatic odor; boils at 144' to 
144.5°; insoluble in water ; miscible with ether and alcohol is 
all proportions. 

When heated alone up to 300°, or even when allowed to stand 
at ordinai'y t«mperatures, it is converted into a polymeric mo(li> 
fication, called itieta-atyrene, wUich is a solid. This same chang* 
is readily ejected by several reagents, such as iodine and con- 
centi'ated sulphuric acid. Styrene unites directly with chlorina 
and bromine in the same way that ethylene does^seep. 212): — 

CaHfi-CiHg + Br, = CaHj.C,H,Brj. 

Chromic acid and other oxidizing agents convert styrene tnt^ 
benzoic acid (see remarks, p. 246) . Some higher members a 
this series have been prepared, such as phenyl-propylene, phen^ 
hiUylene, etc. ; but at present they are not of sufficient imporfe- 
ance to make theii' consideration necessary. 

Styrene is closely related to cinnamic acid, from which tha' 
interesting and important compounds of the indigo group are: 
obtained. 

Styryl alcsohol, 0,H,oO[=C^.CH.CH.CK,OH). — Thi» 
alcohol occurs in nature in the form of an ethereal salt of cin- 
namic acid in liquid storax, and also in balsam of Peru. It' 
forms long, thin needles, which melt at 33°. It boils 
260°. It takes up hydrogen, and yields phenyl-propyl alcohol, 
CaHfCHj.CHi.CHjOH (seep. 281): — 

CoH,.CH.CII.CH,OII + Ha = CgHs.CHi.CHj.CH^H. 

By treatment witii hydriodic acid it yields allyl- 
If^/jenyl-piopylenc), CuUi.Cil.CH.CHj, and toluene. 
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When oxidized with platinnm black it is converted into the 
corresponding aldeliyde, cinuamic aldehyde; and, by further 
oxidation, into cinoamic acid. The relatione between the three 
substances are the familiar ones of a primary alcohol, and the 
corresponding aldehyde and acid : — 

H C«Hi.CH.Cn.CH,OH. CbHs.CH.CH.CHO. 

^V B^ifJ alcohol. Cinnnialc aldtbfde. 

T CaHj.CH.CH.COjH. 

These comironnds are simply the phenyl derivatives of allyl 
alcohol, acrolein, and acrylic acid : — 

CH,.CH.CH,OH. CHj.CH.CHO. CHj.CH.COjH. 

AUyl Bloubol. jVcrolrfn or Acrjlie acid, 

acrylic aldsbyde. 



Cinnamio acid, I _ „ _ „ „ „„ „„ „„ „, 

Phenyl-£icrylio aoid, ' 

Ciiinamic acid is found in liquid storax, partly iu the free con- 
dition, and partly in the form of an ethereal salt in combination 
with styry] alcohol, aa styryl cinnamate, in the balsams of Toln 
and Peru. It may be made synthetically : — 

1 , By heating tt^ether benzoic aldehyde and a<!etyl chloride : — 

C«H,.COH + CH3.COCI = C6H,.CsHs.C0aH + HCl. 

This reaction will be better understood by writing it in two 
equations ; — 



The kind of action represented in equation (1) n not un- 
common. We have already met with it in the formation of 
meaitylene from acetone (see p. 248), in which case two hydro- 
gons from each of tliree methyl groups unite with an oxygen 
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atom from each of the three carbonjl groups. The prodnc 
is called a condensatioii-prod'uct, and the action ie known i 
condenetition. 

i. By heating together benzoic aldehyde and acetic anhy- 
dride : — 

CaH,.COH + (CjHaO)/) = 



QP,.CjHj.COaH + C,H,Oj- 



.t is probable that the action between benzoic aldehyde unit 
acetic anhydride is of the same kind as that between the aide* 
hyde and acetyl chloride. 

3. By treating benzal chloride with sodium acetate : 
CjHs .CHJCy + cfHslH .COiNa = C^, .CH .CH .COjNa + 2HCt 
CflHj.CH.CH.CO^Na + HCl = Call^.CH.CH.COsH + Naa 

The acid is now manufactured on the large scale by tliia laat 
method. 

Ciunamic acid is a solid which crystallizes in monoctinlo 
prisms. It melts at 133°, and boils at SOO" to 304". It U 
easily broken up into styreue and carbon dioxide : 

CaHa-CH.CH.CO^ = CA.CH.CHj + CO,. 

Oxidizing agents convert it first into benzoic aldehyde and 
then into benzoic acid. Nascent hydrogen converts it into 
hydro-cinnamic or phenyl-propionic acid, CeHj.CHj.CHj.COjH 
(p. 293) . It unites with hydrochloric, hydrobi'omic, and hydri- 
odic acids : — 

C»H(.CH,.CO^ + HCl = 



Treated with snbstituting agents, such as nitric acid, etc.. it 
yields substitution-products in which the entering atoms or 
groups are containeii hi the benzene residue, in the ortho and 
para positions relatively to tlie acrylic acid residue, CjII,,COjH, 
Sromiae yields the addition-product CgHj .CiH^Brj .CO,H. 



COUMAUIN. 



and para-aeiils are formed by dissolviug ciiinamic acid in nitric 
acid. 

Note por Sttjdbst. — What are the prortucts when toluene is 
treated with nitric acid? When benzoic acid is treaied in the same 
way? To which case is the above analogous? 



Amido-ciiinaniio aoids, CeHji.J'x," ' . — These acids 



fO,H,.CO,H 
LNH, 

are fui'mod by treating the iiitro-acida with reducing agents. 
The ortho-auid loses wat<?r wbeii set free from its salts, and 
forms the aahydnda carhustyril, C^Ht < ^' '^C.UII, auulogous 
to hydro -carboatjril (p. 294) . 

Oomnarin, C^EjO/ ^ C^H, { 9r^'9^\ is a compound found 
in Tonka beans, and in sonic other plant-substances. It has 
l>een made synthetically from salicylic aldehyde and acetic anhy- 
dride, just as cinnamic acid is made from benzoic aldehyde and 
acetic anhy<iride. The first product of this action is probably 



which Uien loses water, yielding the anhydride or coiimarin. 
Coumarin has a pleasant odor, like that of vanillin, and is used 
for flavoring. Treated with bases, it yields salts of coumaric 
acid. 
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Fhenyl-acetylene, acetecyl-benzene, GeHj.G.OH, bean 

to acetylene the same relation tliat styrcne, or phenyl-cthylen 
bears to ethylene. It is made from styrene in the same » 
that neetylenc is made from ethylene : — 



(1) 


CH, +Br, =C,H,Br,; 


m 


C,H^r, + 2 KOH = C,H, + 2 KBr + 2 Hfl 




CjHfCjHa + Bra = CaH. .C^H^Br, ; 




C.H..C,HJir, + 2K0H = CA-CJH + 2KBr + -lUJO. 



It is a liquid which boils at 139° to I-IO". It unites directly » 
four atoms of bromine, forms metaUie derivatives, and, iu geih 1 
erol, conducts itself like acetylene (which see). 



Phenyl-propiolio acid, 0.jH,O,(= CoHj.C.C.CO^).— This 
acid is a carboxyl derivative of phenyl-acetylene, bearing W> it 
the same relation that ciunamic acid bears to phenyl-ethylene , 
It is made from cinnamic acid, by treating brom-cinnamic acid, 
C„H, . CjHBr . COjH, with alcoholic potash : — 

CflHs.CsHBr.COaH = CaHj , C^ . CO^jH + HBr. 

It forms long needles, which melt at 136° to 137°. When 
heated with water, it breaks up into carbon dioxide and 

phenyl-acetylene . 

Ortho-nitro-phenyl-propiolic acid, OfHi/jJA ' , i* 
made from ortho-nitro-cinnamic acid, in the same wa; tLut 
plienjl-propiolic acid is made from cinuamic acid (see pre- 
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ceding paragraph). It ia of special iotereat, for the reosun 
that it can easily be transformed into iudigo. The trans- 
formation is most readily effected by boiling it with alkalies 
and grape sugar, or some other mild reducing- agent. The 
reaction is represented by the following equation: — 

2 CA I S'A*?^'" + "i = C„H,„N,0, + 2 CO, + 2 H^. 

Onbo-nilro-phsDjI- * 

The acid is at present manufactured on the lai^e scale, for 
Uio purpose of making iudigo. 

Indigo ano Allied CoMPOuNns. 

In several plants, Indigo/era tinctoria, lacUis tindoria, etc., 
there ocuurs a glucoside called hidican, which, under the influ- 
ence of dilute mineral acids and certain ferments, breaks up, 
yielding indigo-blue and a substance resembling the glucoses. 
The indigo of comment is prepared in the East and West 
Indies, in South America, Egypt, and other warm countries. 
At the proper 8ta.gc the plants are cut off down to the ground, 
put in a lai^e tank, and covere<l with water. Fermentation 
takes place, the indicau breaking up and yielding iudigo, as 
above stated. The liquid becomes green, and then blue. 
When the fermentation is finished, the liquid is drawn off 
into a second tank. This liquid contains the coloring- matter 
in solution. In contact with the air it is oxidized, formiug 
indigo, which, being insoluble, is thrown down. In order to 
facilitate the precipitation of the indigo, the liquid is thorougldy 
stirred. Finally, the liquid is drawn off, the precipitated indigo 
pressed and dried, and then sent into the market. 

The substance prepared as above has a dark-blue color. It 
contains other coloring-matters besides indigo-blue. Its vuUie 
depends ujjon the amount of the definite comiwund, ludigo-blue, 
which it contains. 
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Indigo-blue, indi^otin, Ci3ii)N,0.. — Indigo-blue is ob 
taiaed from commercial indigo bv rednciug it to indigo-whi 
and then exposing tbe clear colorless solution to the air, ntu 
indigo-bhie is precipitated. 

Experiment 80. Into a test-Cnbe put a small quantity of powderM 
intligo; add fine zinc filings or zinc dust and caustic soda. When U 
mixtare Is heated tlie indigo lorme a colorless solutiou. When th: 
result lias bceu reached, pour some or the solution into a small evap 
ratiog-dish. Contact with the air colors it blue. 

Indigo-blue may be made artificially by a number of methodi 
among wbicli tbe two following are tlie principal ones : ■ — 

I. By l>oiling ortho-nitro- phenyl- propiolic acid (which se^ 
with an alkali and grape sugar: — 



2C^. 



(Cj.COJI 

I N0,(,>) 



-J- 4 H = CioH^^j -h 2 HjO + 2 CO,. 



N 



2- By heating isatine (which see) with phosphorus trie 
ride, phosphorus and acetyl chloride. 

Without going into the mechanism of these reactions, we 
that there are two general ways of obtaining indigo gutificiaU;. 
The first starts from ciunamic acid, which ia Buecessively COD- 
verted into ortho-nitro-cinnamic acid and ortho-nitvo-phenyl- 
propiolic acid ; the second starts from benzoic acid, which ii 
converted into ortlio-iiitro- and ortho-ami do-benzoic acids. The 
latt«r is then converted successively into the chloride, cyanidei 
and corresponding acid, the anhydride of which is isatino. For 
f uUer details of the reactions involved in the formation of ortbo- 
niiro-phenyl -propiolic acid, see p. 328; and lor similar detub 
in regai-d to isatine, see p. 289. As has been stated, indigo b 
now manufactured on the lai^e scale by the first of the two 
methods above given. 

Indigo-blue crystallizes from aniline in dark-blue crystals. 
It aublimes in rhombic crystals. Its vapor has a purple-retl 
color. It ia insoluble iu water, alcohol, and etlier ; soluble in 
aniiine and chloi-oform. 0.^idizing agents convert it into i8»- 
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tine (wbich see). Heated with solid caustic potash, it yields 
carbon dioxide and aniline ; boiled with a eolution of caustic 
potash and finely -powdered block oxide ot manganese, it ie 
converted into ortbo-amido-benzoic acid (anthranilic acid) (see 
p. 2tt9). 

A great many compounds related to indigo have been made, 
of late years, incidentally to the study of its chemical conduct. 
The synthesis of indigo has been effected, as a result of this 
Btndy. The work undertaken was suggested by the few funda- 
mental facts, above stated, that indigo when decomposed readily 
yields aniline and ortho-amido-benzoic acid. The question 
which investigators have endeavored to answer is, What rela- 
tions do indigo-blue and the compounds aUied to it bear to 
ortho-amido-benzoic acid? Although, as far as indigo-blue is 
concerned, this has proveil to be a difficult question, to which a 
definite answer is still lacking, as far as some of the simpler 
derivatives are concerned it has been answered. Two of these, 
oxindul and isatiue, have been considered in connection with 
the simpler compounds, to which they are most closely related. 
A few others will here be mentioned. 

Indigo-white, Cir^ijNvO,, is formed by reduction of indigo- 
blue, as aljove described. Its solutions rapidly turn blue in the 
air, in consequence of the formation of indigo-blue. 

When indigo is oxidized with nitric acid, isatiue, CsH^NO], 
I. fomed : - c,.H,^A + 0, - 2 C.H.NO,. 
When Isatiue is treated with sodium amalgam, it takes up 
hydrogen, and yields dioxindol, C9H7NO2: — 



By farther reduction, dioxindol loses an atom of oxygen, yield- 
ing oxindol, CHjNO : — 
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The relations between oxindol and isatine cannot readOy be 
made clear without a careful study of some very complex re- 
actions. 

It would also lead too far and be unprofitable to discuss here 
the constitution of indigo-blue itself. Suffice it to say, that 
it has been shown to consist of a doubled group very similar 
to that of oxindol. 



CHAPTER XIX. 

HYDROCARBONS CONTAINING TWO BENZENE 
RESIDUES IN DIRECT COMBINATION. 

Ju3T as the mareh-gna residue, methyl, CHj, unites with methyl 

to foiiQ ethane, i , so the benzene residue, pheuvl, C^j, 

unites with phenyl to form the hydi'ocarbon, diphenyl, I , and 

similar residues of toluene, and the higher members of the series 
unite in a similar way to form homologues of diphenyl. 

Diphenyl, Oi,Hii>(= CrBs -Go^). — This hydrocarbon is made 
by treating brom-benzene with sodium : — 

2 CaH.Br + 2 Na = CisH„ + 2 NaBr ; 

and by conducting benzene through a tube heated to redness : — 

2 C^B = CuH„ + H,. 

It forms large, lustrous plates. It melts at 70.5°, and boils 
at 254°. It is easily soluble in hot alcohol and ether. 

Diphenyl is an extremely stable substance. It resists the 
action of ordinary oxidizing agents, bnt yith strong ones it 
yields benzoic acid. A lai-ge number of derivaUves of diphenyl 
have been studied. A curious one, known as carbazol, occurs 
in coal tar. This has been shown to be a substituted ammonia 
containing a residue of diphenyl. It is properly designated by 
the name dipkenyl-imide, and ia represented by the formula 
C,H, 
' >NH. It has been made synthetically by passing the vapor 
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taking place which is anolr^ns to that mentioned abore 
taking place when lienzene ia treated in the same way, 
product in the latter caec lieing diphenyl. 

Naphthalene, C.oH,. — While the relations of diphenjl 
benzene are clearly shown by its simple eynlhesls Troin brom- 
benzene, the relations of napbtbaleoe to benzene have becD 
discovered through a careful stady of its chemical conduct. 
The facta can be beet interpreted by assnming that the molecule 
of naphthalene is formed by the union of two bytizene residues J 
In suifi a way that they have two carbon atoms in common 
represented in the formulas 

H H 

nC-CH-C-CH-CH HC^ ^C^ ^CH 

I I I and I I I ' 

HC-CH-C-CH-CH HC.^ yC^^ /CH 

H H 

How this conception was formed will be shown below, after 1 
the properties and the reactions of naphthalene shall have beea J 
considered. 

Naphthalene ia a fi-equent product of the heating of oi^nic 
Bubstances. Thus, it is formed by passing the vaimrs of alco- 
hol, ether, acetic acid, volatile oils, petroleum, benzene, toluene, 
etc., through red-hot tubes ; and, also, by treating ethylene and J 
acetylene in the same way. It is therefore found in coal tatiJ 
and is aomelimea fonnd In gas-pipes used for gas made by I 
beating naphtha, gasoline, etc., to high temperatures. It hat 
been made synthetically by conducting phenyl-butylene bromide 
over highly-heated lime ; — 

CaH^.C^H.Br, = C4H,.Cj.C,H. -f H, + 2HBr; 
and by conducting isobutyl-bonzene over lead oxide ; — 
CbHj.CiHo -I- Os = C,H,.C,.C^H, -I- 3 H,0. 

N^either of these reactions, however, is of much asaii 
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in enabling na to form a conception in regard to the nature of 
naphthtilcnc. 

Naphthalene is prepared on the large scale from those por- 
tions of coal tar which boil between 180° to 220°. This material 
is treated with caustic soda, and then with sulphuric acid, and 
distilled with water vapor. 

It forma colorless, lustrous, monocliuic plates. It melts at 
79.2", and boils at 216.6°. It has a pleasant odor ; ia volatile 
with water vapor, and sublimes readily. It is insoluble in water; 
easUj soluble in boihng alcohol, from wliich it may be crystal- 
lized. Oxidizing agcnta convert it iuto phthalic acid (see 
Exp. 74). 

The ease with which naphthalene yields plithalic acid, sug- 
gests that the hydrocarbon is probably a di-derivative of benzene 
containing two hydrocarbon residues ; such, for example, as is 

represente<l by the formula CjH, j J'^. Such a substance, how- 
ever, contains unsaturated parafSn residues, and hence ought 
readily to take up bromine, hydrobromic acid, etc. Bromine 
and chlorine are indeed taken up easily, but the products thus 
obtained act rather like the addition-products of benzene than 
the addition-products of the unsaturated paraffins. They break 
up readily, and yield stable substitution -products of naphtha- 
lene ; and, further, the fii-st product of the action of bromine 
on naphthalene is not an addition -product, but mono-brom- 
naphttmlcnc, C,oH,Br, a fact which shows that substitution takes 
place more easily with naphthalene than addition. We have 
Been that a hydrocarbon containing a benzene residue and an 
unsaturated paraffin residue, as, for example, styrene or phenyl- 
ethylene, C,H,.C,Ha, and phenyl -acetylene, CoHj.CiH, when 
treated with bromine or hydrobromic acid, takes them up as 
readily as ethylene and acetylene, and this action takes place 
before substitution. According to this, naphthalene ought to 
take up bromine with avidity before substitution of its hydrogen 
takes place. 



I 
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The formuLi C,Hj] I*^ and similar ones being thus rendered 1 
extremely improbable, tbe next thought that suggests itself ii 
that the two groups C'lHj may be uiiited, as represented in tbs 1 

(CH.CH I 

formula C.H, 1 I . Assuming, further, that the two group» I 

/CH.CH ■ 

are nutted to two carbon aloms of the benzene residue which I 
are in the ortho relation to each other, we may write this Bame 1 
formula thus : — 

H 



,C-CH-CH 



or, what is the same thing, — 

H H 

I I 

H H 

This formula represents naphthalene as made up of two 
benzene residues united in such a way that they have two 
carbon atoms in common. This, as has been stated, repre- , 
Bents the hypothesis at present held in regard to the nature olM 
naphthalene. 

As regards. the assumption that the two residnes arc nutte 
through carbon atoms which are in the ortho position relative!^ 
to each other, it should be said that this assumption is i 
because phthalic acid is the product of oxidation ; and the fa«t8 I 
already considered have shown us that terephtlialic acid muBl 
be represented by the f oimula 




and henoe, in terms of tbe accepted h^potbeeis, tho third pos- 
Bible formula must be given to phthalic acid ; viz., — 



b 



H 



Are tbere any facta besides the few above mentioned wbich 
make the byiTOthesia appear probable? 

There is an ingenious and interesting line of reasoning which 
appeai-s to show that the fundamental notion involved in tlie 
above formula for naphthalene is true. This fundamental notion 
is that tins hydroearbon consists of two benzene residues which 
have two carbon atoms in common. The facts which lead to 
this conclusion are the following : — 

When nitro-naphtlialcne is oxidized it yieliia nitro-phthalic 
a£id. This shows that the nitro group is contained in a 
benzene reeidae ; and we may represent it by tbe formula 
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CA-^^x I ^?? ^^ oxidatkm taking pljMX j» indicated thus :— 

Bj redocii^ this same iiitzo-iiJi{AtlijJeiie. amido-naphtbaleDe 
is obtained; and, niien tiiis is oxidixed, phthalic add is 
formed: — 

^•^{ CA ^^ + 90 = C^{^ + 2CO» + H2fO,. 

These two reactions show (1) diat the part of nitro-naphtha- 
lene in which the nitro groap is sitnated is a benzene residue ; 
(2) that there is another benzene residue in the compoond into 
which the nitro group has not entered. 

It has been noticed, also, diat by oxidation of a naphthalene- 
snlphonic acid, both sulpho-phthalic and phthalic acid itself are 
obtained. 

It follows, from these facts, that naphthalene is made op of 
two benzene residues, and the only way in which a hydrocarbon 
of the formula CioH^ can be thus made up, is by having two 
carbon atoms conmion to the two residues, as represented in 
the formula already' given. It cannot be made up thus : — 

H 
C 



II I 

HCv /C\ /CH 

c ^C 

H H 

H 
C 



nor thus : — II I 

HC^ ^CH /CH 

^C^- C^ 

H 

tor neither of these formulas expresses the fundamental idea of 
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the preBence of two benzene residneB in the same molecule. 
The only formula which expresses this idea in terms of the 
commonly accepted hypothesis for l>enzeQe ia 
H H 

HC^ ^C^ ^CH 

I I I 

xiC V / ^ \ / CH 



H 



H 



The proof just given for this formula is independent of any 
notions regarding the ortho, meta, and para relations in 
benzene. As phthalic acid ia the product of oxidation, it 
follows that the carlwxyl groups iu the acid must bear to each 
other the relation expressed by the formula 



k 



H 



H 



and, therefore, that in all ortho compounds the aubstitnting 
groups bear this same reli\tiun to each other. Heuce, by atart- 
ing with the notion that the above formula represents phthalic 
acid, — and to this notion, it must be remembered, wc are led 
independently of any facts connected with the formation of the 
acid from naphthalene, — the accepted formula of naphthalene 
follows naturally. And, on the other band, we are led, by a 
study of ujLphthaleue itself, to the accepted formula, and from 
this the above formula for phthalic acid follows. 



Derivatives of Napldlwlene. 

An interesting fact which lias been discovered by a study of 

the mono- substitution products of naphthalene is this, — that 

two, and only two, varieties are known. There is an a- and 
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a ^-clilor-naphthalcne, an a- aocl a. /3-broin-naphthaleDe, i 
etc. This fact is quite in harmony with the views bel^ 
regarding the conBtitution of naphthalene , as will readily 1 
seen by escamining the formnla somewhat more Id detail,! 
We see that there are two, and only two, kinds of relatioiM 
which the hydrogen atoms bear to the molecule; all tlioa 
mai-ked with an a beiug of one kind, and all those marked 
with a y3 being of another kind : — 



aH 



aH 



|8HC^ 



I 



aH 



aH 



Here, again, a problem presents itself like that which i 
considered in connection with the bi-snbstitution pn:«lucts ( 
benzene. Oui' theory gave us throe formulas, and three ( 
pounds are known. The problem was, to determine whiolj 
formula to assign to each compound. Here we have I 
formulas for two brom -naphthalenes and otlier mouo-substii 
tntion products of naphthalene, and we actually liave 
compounds ; and the question arises, which of the 
formulas must we assign to a given compound? 
method adopted is simple, and can be esplained iu a fefl 
woi'ds. That nitro derivative of naphthalene which ia kooirf 
as a-nitro-naphthalenc yields nitro-phthalic acid by oxida^ 
tion ; and the relation of the nitro group to the carboxyi 
groups, iu this acid, has been determined. It is expressed 
by the formula 
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wliilo tiiG formiilii of the otliei' uitro-plithalic aiiitl is 



H 



1 ■ I 
HCs, yC-COjII 



-COjH 



H 

Forauln II, 

As a-aitro-naphtLalene yicldB tbo acid of formula I., it fol- 
lowB that in it the oitro group must occupy the position of one 
of tlte hj'drogen atoma marked a in the above formula for naph- 
thalene. Those siibstitutioQ-products of naphthaleae which 
belong to the same series as a-mtro-Dapbthaleue are called a 
derivaticea. In the ^ compounds the subetituting group or 
atom must occupy the place of one of the hyilrogeu atoma 
marked /3. 

Amoug the derivatives of naphthalene are the following : — 

Naphthoic acid, doHv-COiH, which bcara to naphthalene 
tlie same relation that benzoic acid bears to beozeue. 



a-Naphthol, CioHi-OH. — This compound is made from naph- 
thalene in tiie same way that phenol is made from benzene : — 

1, By treating a-naiJhthyl- amine, CiuH7-NHi, with nitrous 
acid. 



NOTK 



[I Student. — Write the equntions. 



■ 2. By melting a-oapbthalcne-sulphonic acid with caustic 
putash. 

Note fob Student. — Write the equation. 

a-Naplitliol is a solid which melts at 0^°. It has an odor 
somewhat resemiiling that of phenol. Its general chemical 
conduct is much like that of phenol. Toward oxidizing 
ftgente, however, its actjou is pccuhor. Thus, when boiled 
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with potaseiom chlcwah! aad hTdrochloric add, a di-chlorii4| 
BulietltDtioa-product is formed ; and at the same time 
second oxygen atom eutere, aud the product has the char- 
acteriatics of the quinoncs (which aee). It is di-chlor- 

laphtho-quinone. It will be ' remembered that ordinary 
qninone is formed by the oxidation of hydro-quIuoDe, a di- 
hydroxyl derivatiye. 

Some of tlie eubstitation-prodiicte of naphthol are need aa 
dyes; &g, for example, dinitro-naphihtAt C^j(NO,)^H, J 
which ia known as Martiut's Ydlow ; dinitro-naphtlail^ 
suipkonic acid, CBUi(NOj)i(SOsH).OH, the potassium salt' 
of which, K^u^t'S^Ot, is known as Napkthal Tdloto 8. 
With diazo compounds, naphthol has a remarkable power ojl 
combination ; and a great many dcrirativeB containing rei 
dues of diazo compounds, and of naphthol or its substitution' 
products, have been made, and some of them have foni 
application as dyes. The simplest compound of this kind 
formed by bringing together naphthol and diazo-benzei 
nitrate : — 

C»Hr.OH + Cfl,-N,-NOs = C^[ ^^~*^»^» + HNO^ 

It is called Tiapht/iol-dtazo-benzejie. The dye known as Poii 
rier's Orange II. in a sulphonic acid of napbthol-diazo-benzccn 
and is probably formed by treating diazo-benzene-eiilphoi 
with naphthol. 

Naphtho-quinone, CoHeO,. — This compound is obtainect 

by oxidizing naphthalene witli chromic acid; also by oxidiz- 
ing n-amido-o-naphtliol and other di-aiibstitution products of 
naphthalene in which the two substituting groups are in the 
para jjosition relatively to each other. Il bears to naplitbalenc 
the same relation that ordinary quinone bears to benzene ; that 
ia, it is naphthalene in which two hydrogen atoms are replaced 
by two oxygen atoms. 
It forms yellow needles, which melt at 125°. Like ordinarv 
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quinonc, it is volatile with water vapor. Hydriodic acid con- 
verts it into hydro-naphthO'quinoTie : — 

C,„H,0, + H, = C»H,(OH),. 

No7K FOR Stitdknt. — CoDjpare with tlie action of reducing agents 
on ordinSiiy qnlDODB. 

Di-hydroxy-naphtho-quinoae, C,„H, | q % is a dye 
known by the uume nnphHiazarin, on account of its resem- 
blance to alizarin (which see). 

Two homolt^ues of naphthalene — methyl- and ethyl-naph- 
thalene — have iieen prepared. ^-Methyl-naphthalene has been 
found in coal tar. 

QuiNOLINF. AND ANALOGOUS COMPOUNDS. 

It has been stated, tiint, by distilling qninine and cinchonine 
with caustic ])otish, pyridine and some of its homologues are 
obtained. At tlie same time a base belonging ia another series 
is formed, together with some of its homolc^ues. This base is 
known ns quinoHne, to suggest its formation from quinine. It 
has the composition expressed by the formula CbH,N. The next 
two homolognea of quinoline are lepidine, C,|,H«N, and dispo- 
line, C]|II|,N. Three bases, isomeric with the three named, 
have been found in coal tar. Tliese are known as leucoline, 
iridoline, and crj'ptidine. We thus have tlic two series : — 



Quinoline . . . CgHiN . . , Leucoline. 
Lepidine . . . CioHgN ■ . . Iridoline. 
Dbpoline . . . C„H„N . . . Cryptidine. 



Quinoline, G^HvN. — Quinoline is formed by the distillation 
of qniniiic, cinchonine, or strj'chnine, with caustic potash. It 
ia formed from ceitain derivatives of benzene. 
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1. By passing allyl-aniline over heated lead-oxi<le : — 

CjHj.NH.CjHs = C»H,N + 4 H. 

2. Byheatingt^^etherglycerin. aniline, and nitro-benzene : — 

(1) CgHi.NO, + CjHbOj = CgHiN + 3 H^O + Oj ; 

(2) CsH.NH, + C3HA = CeHjN + 3 H^O -f H, ; 

(3) 2 CbHjNHj + CsHjNO, + 3 CHA = 3 C^HiN + 11 H,0. 

3. From di-clilor-qu incline : — 

CyijClsN + 4 H = C^,N + 2 HCI. 

The last metliod ia the most suggestive, as it leads to a defi- 
nite view in regaid to the relation between qninoline and ben- 
zene. Di-chlor-quiooline ia made by treating hydro -carbostyril 
with [jhosphorus pentachloride. Hydro -carbostyril is theanhy- j 
dride of ortho-hydro-cinnamic acid. This relation is partly f 
expreased by the formula : — 



H 



H, 



The tran a formation of hydro-carhostyril into di-chlor-quino- 
line takes place easily ; and the reaction can be best interpreted 
by assuming quiooline to be made up thua: — 



QuinoUas ia thus legatdad as formed from the union of « j 



QUIHOLINE. 



S4S 



residue of benzene and a residue of pyridine, in the same way 
that naphthalene is believed to be foi'med from two residues of 
benzene. The foi'iniila suggests the existence of two isomeric 
quinolines, in one of which the nitrogen is in the a position, as 
represented in the above formula, while in the other it is in 
the /9 [Kjsition, The bases from the alkaloids belong to the 
a series ; those from coal tar belong to the /3 aeries. 

tJuinoliDe is a liquid which boils at 237". Potassium perman- 
ganate convei'ts it partially into cinchomeronic acid, C^UgNOf. 
This is a jnfridine-dicarbonic add, CsH3N(C02H)j. The for- 
mation of thb acid is analc^ous to that of phtlmlic acid formed 
by oxidizing naphthalene. 

Quinoline readily takes up hydrogen, forming hydro-quinoline, 
CjHjN, acd letra-hydTO-qiiinolijte, CbH,jN. These, as well as 
the hydrogen addition -products of pyridine, are believed to exist 
in the alkaloids. Tetra-hydro-qui noli lie has been found in the 
crude quinoline obtained by distilling cinchonino with caustic 
soda. 

Many derivatives of quinoline have been made. Substitution- 
products are obtained by treating nitro-products of substituted 
benzene with glycerin and aniline. 

A Bulphonic acid is obtauied by treatment of quinoline wilii 
sulphuric acid. From this, hydroxy-qiiinoline, Cgng(OH)N, has 
been obtained. Hydroxy -quinoline, like quinoline itself, takes up 
bydr<^en, forming letra-kydro-hydroxy-quinoUne, CgHig.OH.X. 
Finally, by treating this compound with methyl iodide, methyl 
is introduced, and a product obtained which is called hydro- 
metliOxy-qiiinoUne : — 

CyiuON + CHjI = CioH^NO -f- HI. 

This substance resemblea quinine, and its bydroclilorif acid 
salt is used in medicine to some extent as a substitute for 
quinine. The salt is kuowu as kairine. 



CHAPTER XX. 

HYDROCAEBONS CONTAINING TWO BENZENE 
BBSIDUBS INDIRECTLY COMBINED. 

DiFHENrt and Dftphthalene have beeo shown to consist of two 
benzene residues in direct combination. Diphenyl-me thane is 
an example of a hydrocarbon consisting of two benzene resi- 
dues in indirect combination, CaHi . CH, , CoHj. As diphenyl- 
metfaane is closely related to toluene, it was considered in 
connection with the hydi-ocarbons of the benzene aeries. 
There are some' hydrocarbons which have been shown to 
consist of two benzene residues nnited by means of I'esi- 
dnes of unsaturated paraJSns. The most important of these 
ie the well-known anthracene. 

Anthracene, OnHio- — Anthracene is formed under condi- , 
tions similar to those which give rise to the formation of 
naphthalene, especially by heating oi^anie substances to a . 
high temperature, and is hence found in eoal tar. 

It has been made synthetically from benzene derivatives 
by a number of methods : — 

1. By passing benzyl -toluene, CijHj.CHj.CaHi.CHj, over 
heated lead oxide : — 

Ci,Hn -1-2 = CnH„ + 2 H5O. 

I. By heating benzyl-phenol with phosphorus pentoxide : — 
2CaH..CH,.C„H/0H) = C.Hm + C.U, + QH,(OH) -!- H,0. 

3, By heating ortho-brom-benzyl bromide with sodium : — 

2 CH. j ^^,^^^ -I- 4 Na = Ci.H,„ + i MaBr -I- 2 II ; 
t Br(o) 



ANTHRACENE. 






BiHoC ) " ' ' 
[ CaH^ + 4 NaBr + ' 



H. 



Anthracene is prepared in large quantity from those portions 
of cioal tar which Iwil between 340° and 360°. The distillate 
is redistilled, and that which remains in the retort after the 
temperature lias reached 350° is crystallized from xylene. It 
is then ciystallized from alcoliol, and finally sublimed. It is 
dintcult to get it in perfectly pure condition. The color may 
be removed by dissolving the substance in benzene, and expos- 
ing it to direct sunlight. It forma laminie, or monoclinic p!at«3, 
which are fluorescent. It melts at 213°, and boils above 360°. 

Anthracene takes up hydrogen, forming di-hydro-anlhracene, 
C,^Iu, and hexa-hydro-antkracene, CnHi,,. It takes np bromine 
and chlorine, forming first addition -products, and then substi- 
tution-prod nets. 

Osidizing agents convert anthracene into anthra-guinone, 
CuHaOi, just as they convert naphthalene into naphtha- 
quinone. 

The formation of anthracene from ortho-brom-henzyi-bro- 
mide (sec above) furnishes strong proof in favor of the view 
that anthracene consists of two groups, C(,Il4, united by the 
group C,n,; tlius, CsHi.CaH, .C'bHj. It hence appears as a 
diphenylene' derivative of ethane, CjHs(CoH4)j, analogous to 
diphenyl-ethane, CjHi^C^ls).,. This conception may also be 
ezpresset^i thus : 



II 



H 



C-CII- 

1 I 
C-CH- 



1 
,CH 



This is the fomnilu 



uimouly acceptetl for ; 

' llwiiyhnie = CtH,. 
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L harmony with a large number of facts, and has been an 
, efficient aid in inves ligations on anthracene and its derivatiTes. 

Anthraquinone, C'R.oJ^C^ < CO -* '^«H,J.— Anthra. 

I quinone is Ibrtned by direct oxidation of antliraeene : — 

C„H„ + Oj = C„HsO, + ilfi. 

The Bimplest synthesia of antbraqninone that hofi been ef-> 

fected consists in distilling calcium phthalate. It is believe^ 

that the reaction which takes place is onalogona to that wliid^ 

takes place when the calcium salt of a monobasic acid is diatilledi 

i well known, in the latter case a ketone containing on* 

carbonyl gronp is fomicd ; and it is believed that fbe product 

formed in the distillation of calcium phthalate contains two 

carbonyl gi-oups, and that it is a representative of a class ol 

bodies which may be called diketanes. The subject of diketones', 

was briefly discussed under the head of Qiiiriones (which s 

I Tlie equation representing the forniatiou uf autbraquiuone front 

[ calcium phthalate 



CaH. 



I cdio 



>Cal 



I ICOO 



= Call. <QQ> C«H. + 2 CaCOa- 



Kzporlmniit 81. Blssolve ICK commprcLil niithrocene in EO™ t 
51^ glacial acetic acid. Add 2'i< powdered potassium bicbromotf 
Boll UDtil the solution ia dark sreen, aniS thou add wat«r. AnthM 
quinone Is prccipltttuil. Filter olT, wnsli, dr;, and subllnie. 

Anthraquinone forms rhombic crystals. It sublimes in yelloi 
needles ; is insoluble in water, but slightly soluble in alcobc 
and ether. It is an extremely stable compound, resisting tha 
action of alcoholic potash and oxidizing agents. Melted with 
solid potassium hydroxide, it yields benzuio acid : — 



CuHsO, 
CA<r 



2 KOH = 2 C,HiO^ ; 
2K0H= 2C»H,.C0Qft. 
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Kedncing ^cats eoiiTert it auccossivoly into oxcmthranol, 
CJ4H10O3, anthranol, ChHioO, and anthracene, CtJIu). These 
changes may be repveaented thus : — 

^Cn{OU)^p^jj^ + Hs = CaH4< I >C„H, + H,0; 

^" CH 

CH 



CJIi< ^j^^"' >C„H, + H, = C„H,< I >CflH< + 11,0. 



C(OH) , 

CH 

Wlien heated with zinc dust, it yields anthracene. A great 
many derivatives of anthraquiiione have been made. Among 
the best Itnown are the hydroxyl derivatives, some of which 
are much-prized dyes wbicb are manufactured in great quan- 
tities. 

Tlie hydroxyl derivatives of anthraquinone may be made by 
melting either the bromine derivatiYea or the sulphonic acids 
with caustic potash. 

Alizaria, 1 

Di-hydroxy-anthraqmnone. }°»^0'^' 0,.H.O.(OH1,]. 
Alizarin is the well-known dye which is obtained from madder 
root, Tlie substance found in the root is ruburj/tkric add, a 
glucosidc of the formula CsjII-iO,,. When this is treated with 
dilute acids or all<alieB or ferments, it ia decf)niposed, yielding 
alizarin and a glucose : — 

Ca,IIaO|i = CuUjOt + CaH„0, + 11,0. 

AllEnrln. OlucOK. 

It is formed by melting ^iehlor- or dibrom-anthraquinone or 
autlu'aquinone'disulplionic acid with caustic [wtash : — 

C„H((),(SO.K)i, + 2K0n = C„IIA(OH)> + 2 K,SO,. 
AliEariu is now tuanufiictured fVom anthracene on the large scale, 



I 



850 HYDROCAKBONS WITH TWO BENZENE RESIDUES. 



and lai^e tracts of land which were formerly used for culti- 
TatJng madder are now used for other purposes, 

ExperlmeBt 82. Dissolve 20* anthraquinoDe in a small quan- 
tity of fuming sulphuric ticltl, heating gratiuallj to 100°, Dissolve tlia 
ptodnct !n a litre of water. Nentraliro with tliiely-powdered chalk; 
filter. Precipitate with a solution of soclluin carbonate; Alter; and 
flnallf evaporate to drfoess. The salt thus obtained is impnre aodlnia 
anthraquInone-UiBulpiionatc. In a «ilver (or iron) i:ruclble raelt this tot 
half an hour, with potassium hydroxide, at a temperature not above 
370". The formation of alizarin, dtiring the melting of the salt with 
caustic potoi^h, is shown by the dark-purple color of the mass. Whea 
a little of this is dissolved lu water, It should form a beautiful parpiC' 
red solution. Continue the melting unlll Llie mass acts in this way. 
Dlasolve tile masB iu ]' to 1' water, aud itcidiry. Alizarin is ttirowu 
down in browu amorphous flakes. Filter off, dry, and sublime between 
watch-glasses. 

Alizarin forms red needles, which melt at 289° to 290°. 
dissolves in alkahes, forming dnrk pnrple-red solutions. Wh 
heated with zine dust, it yields anthracene. It was this reaction 
which gave the Urst clue to the nature of alizarin, aud led, a 
after, to its synthesis. 

Some compoHnds, isomeric with alizarin, and also derived 
from anthracene, are knowu. 

Purpurin, 
Tri-hydrox: 

Purpurin is contjiined in maddi;i' root, and ia therefore found 
in madder alizarin. It may be made by melting olizartu-sul- 
phonic acid witli caustic potash, and also by melting tri-broni- 
anthroquinone with caustic potash. 

Anthrapurpurin, isopurpurin, Ci,HiOj(OH)j, is found in 
artificial alizarin. 



Phenanthrene, C,,Hii„ wliioh is isomeric with anthracene, ifl 
I also found in the higher boiling parts of coal tar. The chcjntc&l 
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conduct of this hydrocarbon has led to the conclusion that it 
consists of two benzene residues directly united, as in diphenyl, 
CfHs— C«Hs ; and that a further connection between the benzene 
residues is established through a group — CH = CH~, thus 
giving as the expression of the structure the formula 

I I • 

CH = CH 



CnAPTER XXI. 

GLUCOSIDES, ALKALOIDS. ETC.- CONCLUSION. 

Undeh the head of the sugars, reference was made (see ^M 
178) to a class of bodies called glnco^des. which occur in 
nature iu the vegetable kingdoui. These bodies break np 
under the influence of dilute acids or ferments into sugar and 
other bodies. Thus, saliciu breaks up, according to the cqua- 

*'"" C6H.(0H)CH,(0CaH,A)+ H^ 



into dextrose and salicylic alcohol, the alcohol corresponding 
to salicylic acid. Some of the more important glucosides arc 
mentioned below. 

AeBCulin, Gi^HioOg + li H;0, occurs in the bark of the 
ho i^e- chestnut ti'ee (Aescvtus Hippocaatanuiit) . It breaks up 
into dextrose and aesculetin : - 

Ci^n,A + H,o = 

Its water solution shows blue fluorescence. 

AmygdaliD, 0,H„NO,i + 3H,0, occurs purticularly ii 
ter olmonilij ; also, iu the kcr(iels of apples, jtears, peache* 
plums, cherries, etc. With emulsin, which ia an aqueo 
extract of almonds, amygdnlin is broken up iu benzoic i 
hyde, hydrocyanic acid, and dextrose : — 

CaJIijNO,! + 2Hj:}= C,II„0 + CNII + 2C,[I,,0„. 

Tannins. — IJuder tliiu head are included a hrge iiunilier ol 
substances, some of wliieh are glucosides. They all give eithsi 



a blue or a green color with ferric salts. They have a bitter, 
astringeut taste ; are precipitated by BolutionH of gelatin ; pre- 
cipitate Bolutioua of metala, and absorb oxygeu in alkaline 
Holution. They also unite with animal membraaea, forming 
compouudB whieh resist the putrefactive forces, Ibus tanning 
them, or converting them into leather. Reference has already 
been made to gallo-tannic acid, which breaks up into gallic acid 
and glucose. 

Helicin, dsHiuO, + I HjO, ia formed by the oxidation of 
saliciu (ybich see). It has also been made artificially by mix- 
ing an alcoholic solution of acetochlorhydrose with the potassium 
compound of salicylic aldehyde : — 

CaHjCIOBlCjHsO)^ -f C,H,0^ + 4 C,H^ 
= C^HutO, -1- KCl -I- 4 CJIj .CsHA. 
Acetochlorhydrose is formed by heating dextrose with an 
excess of acetyl chloride. 

Heliciu breaks up into dextrose and salicylic aldehyde. 

Indican, CaHiuNOu, occurs in woad. It yields, among 
other products, dexti-ose and indigo blue : — 

CmHsiNO„ + 2 H,0 = 3 C,H,„0, + CbIIjNO. 

Myronio acid, Cn,Hi„NS,0,o, is found in the form of the 
potassium salt in black mustard seed. When treated with 
myrosin, which is contained in the aqueous extract of white 
mustard se«d, potassium myronate is converted into dextrose, 
allyl mustard oil, and [wtaasium bisulphate : — 

CwUisNSiOwK = CjHi^O, -J- CjHj.NCS + KUSO,. 

Balioin, Cl^Hh-O^, occurs iu willow bark, and in the bark and 
luaves of poplars. Its deoomi)osition into salicjlic aldehyde 
and dextrose has been referred to (sec pivceding page). 
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Saponin, OjiHsjOja, ia found io aoap root (Saponarla offiii' 
nalia). Its water solution forms a lather like that formed bj 
soap. This property is freqnontiy utilized for the purpose 
giving to " soda water " the appearance of effervescence. 

Alkaloios. 

The alkaloids are compounds occurring in plants, freqiieoflj 
constituting those parts of the plants which are most actin 
when taken into the animal body. They are hence sometinMt 
called the adi'oe principles of the plants. Many of these sub- 
stances are used ia medicine. As regards tbeir chemical c 
aeter, they are basic in the sense that ammonia is basic ; thej 
contain nitrogen, and form salts, just as ammonia does, i.e., bJ 
direct addition to the acids. These and other facts lead lo tf 
belief that the alkaloids are related to ammonia — that they a» 
substituted ammonias. Recently it has been shown that sevcr^ 
of the alkaloids are related to pyridine (see p. 307) and qnino- 
line (see p. 343) . Only a few of the more imiKirtant alkaloids 
' need be mentioned here. 



Alhiloids of Peruvian Bark. 

Quinine, C.„H«NjO, + 3 H.O. — This valuable snbatanca U 
obtained from the outer bark of the Cinchona varieties. When 
oxidized, it yields derivatives of pyridine. In view of the 
interest connected with quinine, the discovery of its relatioD to 
pyridine and quinoline has led to a lai^e number of investigi- 
tions on the derivatives of these two bases, and it is prohable 
that before long it wilt be possible to make quinine synthetiudlj 
in the lutioratory. 

The salts of quinine are formed by direct addition of the base 
I to the acids. Tluis, we have 



Quinine hydrochloride 
Qainine nitrate . . . 

Quinine sulphate . . 



C^Hj^NA-HNOai 
Cj,Hs,NA-H^Oi, etc., etc 



Cinchonine, OmHmNjO, cinchonidine, CiaH^NiO, and 
other bases occur with quiuine ia Peruvian bark. 

Cocaine, Oi,Hi,NO« ia found in cocoa leaves {Erythroxylon 
coca). Wtsiy little is known regarding its chemical nature. Ita 
hydrochloric acid salt, Ci,U5,N0j.HCl, baa recently come Idto 
prominence in medicine, owing to the fact that a amall quantity 
of its solution placed upon the eye causes insensibility to pain. 

Nicotine, OioHuN,, occurs in tobacco leaves in combination 
with malic acid. Fotassiiun pei'manganate converts it into 
iiicotinic acid, which is one of the possible pyridine-monocar- 
bonic acids. 

Alkaloids of Opium, 

Opium is tlie evaporated sap which flows from incisions in 

the capsules of the white poppy (^Papawr somnifenim), before 

they are ripe. The two principal alkaloids contained in opium 

are morphine and narcotine. 

Morphine, Ci,HijNOi + H,0, is a cryatallizable 8oli() which 
ia difflcultly soluble in water, alcohol, and ether. When de- 
composed, ityiL'lds pyridine, trimctbyl-amiuc, and phenanthreoe, 
together with otiier products. 

Narcotine, CuHjjNO,, has been shown to contain three 
methyl groups, which are split off, as methyl cbloiide, when 
the substance is heated with hydrochlorio acid. 

Piperine, 0,;Hi.jNOi, is contained in black pepper. When 
treated with alcoholic potash, it breaks up into piperidiue and 
piperic acid ; — 

CuH„NOa + H,0 = CalluN + CuH„Oj. 

FlpirldlnB. Plprric Mid. 



CONCLUSION. 

Piperidine, CiHuN, which, as just stated, is fonned by the 
decompoeition of pipeline, has been made synthetically by treat- 
ing piperidine with nascent hydi'ogea : — 

C^,N + G H = CiHuN. 

rjTldlDo. FiperldlflCL 

It may therefore be called hexa-hydropyridine (see p. 309) . 

Strychnine, CjiHj,N,Oj, and bmcine, CoHaN.O. + 4 HjO, 

are two alkaloids which occur in vux vomica. 



In the animal body occur a large number of complicated sub- 
stances, the study of which, at this stage, would haixlly he 
prolitable. Thne, there are the albumins, caseins, and Gbrin ; 
the coloring-matters of the blood, oxyhamaglobin, hiimaglobin, 
etc. It may be said that, notwithstanding the importance of 
these substances, our knowledge of their chemistry is quite 
limited. 

The study of the composition of animal substances, eut 
as milk, urine, etc., and of the relations of the chemical eul 
Stances occnrring in the body to the processes of life, 
object of physiological chemistry. Without a good kuowledg*' 
of the general chemisti7 of the compounds of carbon, howevBr, 
the subjects treated under the head of Physiolt^cal Chcmiatrj 
cannot be understood. 



APPENDIX. 



Page 166. After ninth line from bottom, insert : — 

We have seen that the sulphonic acids and carbonic acids are 
analogous ; that, for example, methyl-sulphonic acid, CHg.SOgH, 
is analogous to methyl-carbonic or acetic acid, CH8.CO2H. 
Now, just as the hydroxy-acids above considered are derived 
from the carbonic acids by the introduction of hydroxyl, so we 
can imagine a series of hydroxy-acids derived in a similar way 
from the sulphonic acids. Only one such acid is well known, 
and it alone need be considered. It is — 

Isethionic acid, C2H4 < o^rrf ^^^^ known as hydroxy- 

ethyl'SvXphonic acid. In composition it is analogous to the 
hydroxy-propionic acids. It is prepared by passing sulphur 
trioxide into well-cooled alcohol or ether. 
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Aiad, Pelargonic, 129. 
nKDyl^cetic, 2n2. 
Fbenyl^Hvpiolic, 338. 
Phtlulic, S9S. 
Picric 272. 
nmelie, 142. 
nperic, SB. 
Pn^Uc,336. 
Pn>iii<Hiic, 131. 

Protaratwhnie, 309. 

pTDBsic, 80. 

Prrc^allic, 217. 

PjTOlartaric, 1^ 1*7. 

Eacepiic, 172. 

BocMllic, 142. 

Saocbaric, IT6. 

S&Ucjrlic. 298. 

Sarcolactic, 161. 

Sebacic, 142. 

Sorbic, 226. 

Stearic, 134. 

Stypbnic, 276. 

Suberic, 142. 

Snndnic, 142, 144. 

SnlphtM^aiiic, 84. 

Taiuiic, 3H. 

TatUric, m. 

TartroDic, 16T. 

Tanrocbolic, IM. 

Teracryllc, 218. 

Terepbtbalic, 296. 

Tetrolic, 226. 

Tolnic, 292. 

Tri-cart»ilylic, 152. 

Tri-chlor>aceUc, 63. 

Trimesitic, 246. 

Uric, 200. 

Uvitlc, 246. 

ranilllc, 301. 

Valeric, 133. 
Acoaltic add, 221. 
Acrolein, 216. 
Acrylic acid, 218. 

aldehyde. 216. 
Adipic acid, 142. 
Jeacalin, 353. 



Di4Fid, 136. 

Hez-wid, 153. 

Primary, 122. 

Secondary, 121. 

Tertiaiy, 13*. 

Tetr-acid, JS2. 

Tti-acid, 147 
Aldehyde ammunia, 4f 
Aldehydra, 4r., 138. 



BuMtortc acid, 201. 
Bdienic aeid, 130. 
BenzalcJiloride, SSS. 
Betizaldebyde. 381. 
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Alkaloids, 36*. 
Allantoin, 20B. 
Alloxan, 20e. 
AUyl alcohol, 214. 

isosnlpbc™j-anale,5l5. 

mnstard oil, 215. 

sulphide, 21E. 
.Mplia-tululcacid, 292. 
Amido-acetic aiad, 192- 
Ajnido-acidi, 190. 
Aiuido-benzene, 260. 
Amido-benzoic acids, 289. 
Amido einnamic acids, 

327. 
Amido-formic acid, 191. 
Aniidp-tolnenes, 261. 
Amygdaliu,Si2. 
Amyl aliroLols, 126. 
Arayletie, 211. 
Angelic acid, 218. 
Aniline, 260. 

dyes, 315. 
Anisic acid, 303. 
Anthracene, 346. 
Antbrmiilic iicid,289. 
Anthrapurpurin. 350. 
ADCbraquinone, 348. 
All thraquinone-snlphon it 

acids, St9. 
Arachidic acid, 130. 
Ariienic-ni ethyl com- 
pounds, 104. 






le, 108. 



Aiiiid(>., 2S9. 

Hydroxy-, 536. 

aldebyde, S&l. 
Benzophenone, 306. 
Benzoyl chloride, 287. 
Benzyl alwhol. 279- 

cjanide. 2S7 
Bibrom-beniene, 2U. 
Bitler-aliQoiid oil, 281 



Brassylica<^,143. 
Brom-etbuie, 29. 

Eroiu-niethatip, 27. 
Bromoform, 'SS, 
Brum-propionioacid, 131. 
Bnioino, iil!. 
Butane, 20, 106. 114. 
Butter, 151. 
Bulyt alcohols, 123. 
Butylene, 211. 
Bntyiic add, ISO. 

C. 

Cacodyl, 103. 

compounds, 104. 
Caffeine, 2tti. 
Camphor, 311. 

Artificial, 311. 
Cane sugar, 182, 



Caprlo arid, 129. 

Caproic acid, 123. 

CapryUc acid, 139. 
Caramel, 1H3. 
Carliamic acid, 101. 
Carbamido, 200. 
CarbBminea, 88. 
Carbohydrates, 177, 
Carbolic acid, 3fi9. 

Celluloge, 18B. 
Corotic acid. 130, 
CUor-acetlc acid, 63. 
Cmoral, 63. 

liyd«te, 58. 
Chloi^tliane, 29, 
Chlorhydrin, 149. 
Cblor-iuothane, 27. 
Ciiloroform, 28. 
Chloriitopf onic acid 
Cliolio acid, IM. 
Cimicic acid, 318. 
Cinclionidine, 3es. 
Cincbouiae, 30B. 
Clnuamic acid, 320. 
Amldo-, 327. 
Nitro-. 32T. 
Citric acid, 174. 
Coal tar, 230. 
Cocaine, SOS. 
CollidiUB, 307. 
Counuuin, 327. 
Creatine, 100. 
Creatinina, 200. 
Cresols. 271. 
Croionlc acid, 21il, 
Cuminic aldehydo, 383. 
Cuminol. 283. 
Cumlnyl alcohol, 2Hi. 
Cyanaeetlc acid, iji. 
Cyan-amldos, 190. 
Cyanales, 90. 
f^»olc acid, 83. 
Cyanide*, HG. 

cMorldes, 83. 



I Cyan uric acid, 84. 
Cjmooe, 250, 
t-'yraogeiio, lio 



Destriii, 189. 
DexlroHo, 177. 
rH-acetauiide, 197. 
I niazo-benzene cor 
. poanda, 2G3, 

Di-cblor-acetic acid, 63, 
Diehlothydrin, 110, 
Di-cyan-diamida, 1: 
Di-melhyl-nmina, Ik,. 
Di-meUiyl-benzene, 241. 
Di-metbyl-carbiiiol. 137. 
■Ji-mHtbyl-flihyi-uietJiane; 
, 116. 

_ W-metbyl-ketone, 70. 
Di-methyI-pho8phiQe,llu, 
Dl-methyl-xan thine, 200. 
Wnilro-beiizena, 360. 
Diodndol, 331. 
Dipbenyl, 333. 
Di-phenyl-m ethane, 313. 
Dipheuyl other, 271. 
Dipropargyl, 337. 
Dodecano. r""' 



ite, IW. 



Ethereal aaltt, 6B, 
ElliefK. FormaciDn o(. i 
Etiiers, Cumpouud. 00 

Mixed, iS. 
Klliyi aretata, 68. 

alniM, 37. 

aldehyde, 40. 



I Ethyl bromide, 21). 
earbamiija, SH. 

carbimii, 137. 
chloride, 29. 
cyanide, 80. 
Fi:tbylenB, 211. 
chloride, 33, 
cyanide, 146. 
glycol, 136. 
lactic acid, 184. 
KlJiyl ether, 43. 
Ethylidene chlortde, 32 
30. 
I Ethyl iodide, 20. 
isoeyanide, 88. 
isosulphocyanate, 03. 
mercaptan, 74. 
molbyl ether, 46. , 
iniutard oil, B3. 
nitrate, 68. 

Dsphate, 68. 
phosphoric arid, 68. 
sulpliBte, (W. 
sulpbnric acid, 42, 68. 

P. 
Eats, lEl. 
Fatty acids, 129. 
Fehiing'M solution, 180. 
Fermentatiou, 38. 
Alcoholic, 38. 
I Lactic acid, 38. 
Ferments, 38. 
Forrieyaaogen com- 
pounds, 83. 
I Ferrocyaoogcn com- 
pounds, 81. 
Flashing-point, 110. 
I Fluorescein, 321. 
I Formic acid, 64. 
aldeiiyda, 46. 
Ponuula, coDstitntlonal, 

18. 
Formula, DeierminaUon 
o(, 13. 
I Fruit sugar, 181, 



I 
I 



Fnchsiiie, 317. 
Fulminates, 102. 
Fulminio acid, 103. 
Ftiniaric acid, 230. 

G. 

Qalaotaae, 182. 

Gallic add, 30*. 

Gasoliuo, 110. 

Glucose, 177. 

Glucoaldes, 303. 

Glycoric acid, lliC. 

Glycerin, 147. 

GlyoiiiB, IBS, ISB. 
Qtyeoeholio acid, I5fi. 
Glyoocoll, lie. 
GlycoliB acid, 168. 
OlycoU, 136. 
Glyoiylic acid, 170. 
Grape snear, 177. 
GuanidiQB, 19(1. 
Gaenioe, 30U. 
Qnma, 189. 
Gun cotton, 186. 



IHyenioacid, 130. 
Ilypogwic acid, 218. 



Hecdecane. lOH. 
Hellcin, 353. 

Heptanas, 108. 

Hoptyl alcnhola, 12S. 

Hepioic acid, 139. 

Heianes, 20, 108, 116. 

Hexyl alcohols, 128. 

HeiylBDB, 211. 

Hippnric acid, 391. 

Homology. 30, 108. 

Hydracrylic acid, 102. 

Hydrazines, 09. 

Hydro-carbostyril, 2M. 
Hyd ro-cinnamleacld, 393. 
Hydrocyanic acid. 80. 
Hydroqninone, 37(i. 
HydroBorbio acid, 218. 
^droiiy fatty acids, 1B6. 
Ifydroxy sueciiiio acids, , 



I Indloon, 3S3. 
Indigo, 32a 
Indigo-blno, 330. 
ludlgo-wbita, 331. 
Inversion, 183. 
Invert sngar, 1S3. 
lodo-ethnne, 39. 
Iixlo-methano, 27. 
(iidoforoi, 28. 
Iiatiae, 389. 
iMBthioniti acid, 3S7. 
r^obatatre, 114, 
Isolmtyl alcohol, 124. 
laobutycic acid, 133. 
Iftocyanatea, 90. 
Isocyaaides, 88. 
iBobeiane, 117. 
Isomerigm, 31. 

riiyslial, 163. 
Isonitroso compounds, 

101. 
Isopentane, 116. 
I laoplitlmlic add, 296. 
Isopropyl alcohol, 120. 
Isopurpurin, 36a 
I Isosuccinlc add, 146, 
Iso-aulpho-cyantos, 01. 
I IWcooic acid, 221. 



[Jictlc acids, 160. 
I^actoae, 184. 
Lanric add, 130. 
Laiirinol, 311. 

LevulosB, Wl. 
LiiUdine, aiJl- 



Maleui acid, 220. 
Malic acid, 167. 
Maloulc acid, 142, ]4i 
Matouyl utea, 20*. 
Maluiae, ISS. 
Mannite, 153. 
Mapgaric add. 130. 
Matsli gas, 20, 23. 
Mdisslc add, 13a 
Mellltic acid, 297. 
Melling-iKiinU, 8. 
Mercaptans, li. 
MBtcary ethyl, lOE. 

fulminate, 103. 
Mcaaconia add, 221. 
Mesltfleuo, ^0. 
Mesitylunic add, 393. 
Mesosaliu acid, 170. 
MeialdehydB, *9. 
Metamerism, 31. 
Methane, 20, 33. 
Molhyl alcohol, M. 
aldehyde, 40. 
amine, 94. 
bcomlde, 27. 
ohlorids, 37. 
cyanide, 86. 
iudidB, 37. 
Methyl-phBnyl ether, 371. 
Methyl-phoapliine, 103. 
Metliyl-phosphliUe udd, 

103. 
Metbyl-sulpburic add , UB, 
Metbylena iodide, 27. 
Milk sugar, 184. 
Morphine. 355. 
Mneie acid, IJB. 
Muatard-oils, 91. 
Myron ie acid, SS3. 
Myrosiu, 353. 

N. 
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Nnphthols.Ml. 


Para - oxj-bBuzoia acid, 


Pycogallol, 2n. 


Naphtbwiuinoiie, rn2. 


302. 


Pyrotartariu acid, 142, 


Narcotlne, 355. 


PBra-rosaaillne, 31fl. 


147 


MicoUDB, 30;i, 305. 




PyroiyUn, 186. 


Nittiles, 87. 


302. 




Nltru-benzene, 258. 


PeniaDea,30, 108, Ufi.. 


q- 


Nilro-benzoiu acids, 2R8. 


I'Butyl alcoliois, 13B. 


Qneccite, 152. 
Quiuine, 304. 




Petroleum, lOD. 


Mltrochlororomi, 101. 




Qiiiuoliue, US. 
Qiunouc,30G. 


Mitro-oinnBmic acids, 


Phenol, 2<i(l. 


327. 


NJtro, 373. 


Nitrolorm, 101. 




B. 


Nitrogen, Estlraalion, 11. 
Nitri>-glycecln, 151. 


Tri-nitro, 272.. 
Fhenrl acetate, 271. 


Rocemic add, 172. 
KcsorelQ, 275. 
Eesorcin-phlholem, 331. 

Ruucdliu auld, 143. 




Pbduylacetic ai!ld,203. 


Nitrowwiompouuds. 101. 


Phenyl-acBtylenB, 338. 


Nitro-toluBuea, 269. 
Nonnne, loa. 






Phenyl-ethyl alcohol, 381. 


Hosanilina, 317. 


0. 




S 


Octane, 108. 
Octfl alcohol, 138. 
OiU. Drying, 227. 
Oleflaut goa, 211. 
Ole'io acid, 219. 
Oloin, 151. 
Opium bases, 355. 
Oreelo, 277. 
Owln. 277. 
OlalaUa, 144. 
OzaUo acid, 142. 




381. 
PhospMaes, 103. 
Plithaleius, 318. 


Saccharic acid, 176. 
Sallcin, 353. 
Salicylic acid, 29S. 


Phthalio acid, 29t 


Salicylic aldehyde, 300. 




SalJcyUd, 303. 


Piooline, 307. 


Baponifiontlon, 60. 


Picric acid, 272. 


Saponin, 364. 


Hmelic acid, 143. 


Sarcosine, 1U3. 


Piperic acid, 365. 


Sebacic acid, 143. 


Piperidlne, 309. 366. 




Ozalurlc acid, 204. 


Mperine, 355. 


Soaps. i:«. 


OMlyl urea, 303. 
Oxindiili 3iCi. 


Polymerisra, 31. 
Primary alcohols, 133. 


Sodium ethyl, 101. 
Sorblc acid, 228. 


Oxybuniolc acid, 302. 


Propane, 20. 
ProparEyl alcohol, 330. 


Starch, 187. 
St«aric acid, 134. 


P. 


Propionic acid, 130. 


Stearin, 151. 


Propyl alcohol, 130. 


Strychnine, 366. 


Palmitic acid, IM. 




Styphnric add, 376. 


Palmltin, 151. 


ProtooHcchuic acid, X3. 


Styrcne, 323. 


Paper, 1X7. 


ITussic acid, 80. 


Slyryl alcnhol, 3M. 


Parabanlc acid. 20.'l. 


Pwiidncumene, 349. 


Snberic acid, 143. 




Purpiiriii. .ISO. 




pMfflt., no. 


I-yridipo. 307. 


Succinic acid, 142, 144. 


Paraflins. 108. 


Pyrocalcchin, 275. 


anhydride, 146. 




Pyrosallk acid, 377. 


Sugar ot milk, t»4- 






i 
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Salphocyanic acid, 84. 
Sulpho-cyanates, 91. 
Salphonic acids, 76. 
Salpho urea, 204. 
Sulphur ethers, 75. 

T. 

Tannic acid, 304. 
Tannin, 304, 352. 
Tartaric acid, 171. 
Tartronic acid, 167. 
Taurine, 194. 
Taurochollc acid, 194. 
Terebenthene, 310. 
Terephthalic acid, 296 
Terpenes, 309. 
Tertiary alcohols, 124. 
Tertiary butyl alcohol, 

124. 
Tetrarchlor-methane, 28. 
Tetra - methyl - methane, 

116 
Theine, 206. 
Theobromine, 206. 



Thymol, 274. 
Tolu balsam, 240. 
Toluene, 240. 

Amido, 261. 

Nitro, 259. 
Toluic acids, 292. 
Toluidines, 261. 
Tolyl carbinol, 281. 
Tri-acetamide, 197. 
Tri-brom-phenol, 272. 
Tri-carballylic acid, 152. 
Tri-chlor-acetic acid, 63. 
Trichloshydrin, 149. 
Trimesitic acid, 246. 
Tri-methyl-amine, 96. 
Tri-methyl-carbinol, 127. 
Tri-methyl-phosphine, 

103. 
Tri-methyl-xanthine, 206. 
Tri-nitro-methane, 104. 
Tri-nitro-phenol, 272. 
Tri-nitro-resorcin, 276. 
Tri-phenyl-methane, 314. 
Turpentine, 310. 



U. 

Unsaturated compounds, 

208. 
Urea, 200. 
Uric acid, 205. 
Uvitic acid, 246. 

V. 

Valeric acids, 133. 
Valylei^e, 227. 
Vanillic acid, 304. 
Vanillin, 304. 

W. 

Wood spirits, 34. 

X. 

Xanthine, 205. 
Xanthogenic acid, 157. 
Xylenes, 241. 
Xylidines, 262. 

Z. 

Zinc ethyl, 104. 
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